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1.0 OBJECTIVES

The performance of the Planar Motion Material Testing Apparatus
(PMMTA) will be studied in several steps. This report encompasses the
first phase of these studies, an analysis of the actuator kinematics and

the locad generation capabilities.

The kinematic behavior of the PMMTA actuators was analyzed using
a computational algorithm written for a MINC-11-03 computer and a TK401l0
plotting terminal. This analysis addressed two specfic goals.

a) Determine the range of motion of the test stage considering
various angular orientations of the test stage for the most acceptable

design.

b) Calculate ti.e maximum loads in the vertical, horizontal, and
rotational directions for each position of the test stage.

Best Available Copy

o e e R & e Aee ae e



2.0 BACKGROUND

2.1 Test Requirements

The minimum performance characteristics of the PMMTA are based on
requirements for: the maximum load, the maximum rate of loading and the
maximum sensitivity of the total system. This first study concentrates
only on the load and kinematic envelopes., The computer and its peripheral
data interface hardware should be the most critical components with respect
to rate and sensitivity. These rate and sensitivity characteristics will
be studied in conjunction with the development of the computing software
in the next phase of the grant work.

The criteria for the approximate load requirements for the PMMTA
may be obtained from the literature, Messerer (1880), Perry (1957), and
Bell (1967). The results of their work are summarized in the book,
Clinical Biomechanics of the Spine, by White and Panjabi (1978). A choice
of requirements using this information should meet all of the test con-~
ditions of the current grant. In addition, testing of other portions of
the human spine using higher loads than is needed for the cervical spine
tests will be possible,

The compressive strength of the human vertebrae was investigated
by these researchers. Summarizing the results for static or quasistatic
loading, the maximum compressive strength of the vertebrae are:

a) Cervical (level C7) < 2000 N (450 1bf)
b) Thoracic (level T11l) < 4000 N (900 1bf)
¢) Lumbar (level L&) < 8250 N (1860 1bf)

Under high speed dynamic tests the load needed to produce end plate or
compressive failure is higher. Loads up to 13500 N (3030 1bf) have been
recorded, Perry (1957).

An estimate of the magnitude of the shear type loads at failure
may be obtained from the work of Weiss (1975). Loads of approximately
1000 N (224 1bf) applied directly through the facet articulations caused
failure of the neutral arch (at the pedicles). The total shear required
to induce failure of an intact FSU will of course be higher due to the
additional load carried by the anterior elements of the FSU.

The amount of flexion-extension moment thet the spine can support
with deficit has not been studied as axtensively »: shear or axial loading.
However, it is suggested that moments as small ao onr: {’1 in-1bf) can
cause failure of spinal components, White and Panjabi (1978).

2.2 Test Hardware

The MOOG AO-85 servo actuator has been chosen for this project
based on its performance features and reasonable availability. This
actuator may be pivotted from either an upper or a lower pivot position
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relative to the actuator body. Both mounting positions were considered
in the initial part of this study. The piston area of the actuator is
1.1 in sq. which indicates a maximum force output of 3300 lbs at 300C

psi supply pressure. The piston stroke is 6 in.. The critical dimensions
of this actuator and the pivot positions are shown in Figure 2.1, The
geometry of the actuator was input point by point to the computer for the
geometry calcuiations and plotting.
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Installation Details

Individual installation drawings give details for each
basic servoactuator size. Three standard sizes are
available corresponding to piston areas of 1.1 in?,
3.4 in? and 6.8 in?, Standard stroke lengths for each
size actuator are 1, 2, 4 and 6 inches. Actuators with
total stroke up to 12 inches are available on special
order.

Mounting

The servoactuator can be mounted in several ways.
The lower face of the actuator body contains tapped
holes for solid mounting. An alternate flange mount-
ing is available for either the front or rear of the
actuator. Actuators can also be supplied with a flange
containing two horizontal pivot shafts for trunnion
mounting. Heavy duty trunnions are available on
special order.

Rod Attachment

Actuators are normally supplied with a female
threaded rod (1.0 x 14 UNS-3B). An optional adapter
is available to convert to a female 0.50 x 20 UNF-3B
thread.

Fiauee 2.1 - A0-85 ActunTol.

Side Loading

Moog Servoactuators have been designed to withstand
heavy side loads and still give long, trouble free life.
Nevertheless, actuator life will be improved by mini-
mizing side loads. This can usually be done by careful
alignment of the actuator mounting with the driven
load.

Fluid Supply Filtration

Good filtration will extend the life and improve the
performance of A0B5 Servoactuators. The best arrange-
ment is a full flow, non-bypass, pressure line filter
immediately upstream of the servoactuator, and a low
micron, full flow filter in the system return line.

The servoactuator can be provided with a Moog high
pressure supply line filter connected with an adapter
fitting directly to the pressure port. The filter is a

25 micrometre absolute, non-bypass, with replaceable
element contained in a high pressure aluminum bowil.
Both 10 gpm and 20 gpm filters are available.

Filter elements will withstand full 3000 psi differen-
tial pressure without collapse. An electrical dirt alarm
can be supplied on special order.

1L1IN2 SIZE
1AHE - 12 SAB ST, THD.
FOK 14 0D TUBING.
PAESSURL PORT TS5 SIDE
RETURN FAR 3106
' ‘ Nl oprigKAL
! $LANGH
YRY: PRI T 19 9 & Rate
v THREAD « 1 6 DEEP l
};I@; N + . '
s bo (T} ; -—-L =t
a0 10 !
| ’ 4 wIs i“e
. p”‘i‘ e Tl
w2 34 80 -
e qesipusghy | | il
4 - l — . = g |
s 02 ADS ) ——d] awn 10
(e me tae em oL
r— an
Uy *
< ,/ RITAACTIO 1312
1A
296 34 U THO X O 78 04 #at08 238 i
s . L ,
raam
agruaton ne ‘ P
MR BIVOrAVE a | ormons £ @ c W
[ S5 (Y] fovm am (1] [N
oy [+ ] e |une | ows mm'k L ¢ LIS W
o v Pop Y T TS heb g v / :}
) e &n | nay | e \\1,
oo wm ——-ﬁ-—J N
[rame [ i CE R YN o M’w ——
P Popan O B0 | 130a 2y e ;e N3N
Fl - & Y. 7% D e |
S tos R 1 i’ " ERET IR T g
Barat Vo (AN ™ Ml i 00N | s
o B Cvam 180 | B @ | i CPTIONAL TRUMSOK MLATE
Orawing dimenicns n Broathesss e n mdlimetres.

10




3.0 ANALYSIS METHODOLOGY

The kinematics of the three actuator system were analyzed using
a MINC 11-03 computer. Four components of the PMMTA were considered in
the study: the three actuators and the test stage which supports the
inferior side of the test specimen, These components are indicated in
Figure 3,1. The positions of the three actuators and the test stage, as
they will be mounted in the loadframe, are defined by four geometric
design parameters and the three piston lengths. The actuators are
designated 1, 2, 3 from left to right, The four design parameters are:

1) S -~ The length of the test stage. The height of the test
stage above the point of connection to the extension from the actuators
is 1.75 inches.

2) EXT -- The length of the extensions between the end of the
actuators and the test stage.

3) X2 -- The horizontal position of the pivot point for actuator
2 relative to the actuator 1. (Actuator 1 is always drawn in position
(0., 0.) and a reference set of axes are drawn through the pivot point).

4) X3 -- The horizontal position of the pivot point for actuator
3 relative to the actuator 1.

All three actuators pivot at the same vertical level, y=0. As indicated
above, the effect of using the upper or the lower pivot position for each
actuator was also investigated. With the actuators mounted from the upper
pivot peint, the actuators may be equally spaced along the X axis. To
simplify calculations, the length of the test stage is the same as the
distance between the second and third actuators. This means that the

test stage should be exactly horizontal when the length of the second

and third actuators are equal.

A piece of hardware is needed to join the actuator piston to the
pearings of the test stage, This piece will extend the length of the pisten
and must be included in the analysis. The length of this extension between
the test stage and an actuator is somewhat arbitrary. However, the extension
should be long enough to permit each actuator the full 6 inches travel, if
other factors permit this. An extension approximately $5-6 inches in lengt
appears to provide reascnable clearance for most configurations. The exten-
sion requires approximately 1 inch of length to join the extension piece to
the actuator piston, Excessively long exteansions would imply unnecessary
weight supported above the actuators, which should be avoided for dynamic
considerations.

The kinematics program used to analyze these components peraits
definition of the desired motion in either of two ways. The input specifies
either: a) the three piston lengths or b) the global coordinates and angle
of ' a reference point on ths test stage. With either cf these sets of input
data the program calculates the necessary kinematics and loads. Listings

5=




of the main program along with the separate subroutines can be found in
Appendix A,

For each set of calculations, four pieces of computer output may
E 3 be produced, the plot of the actuator positions and three pages of printed
E ] data, A case number is included at the beginning of each line of results
: so that parameters corresponding to a specific calculation may be cross

3 referenced on each page. A letter "P" adjacent to a case number indicates
1 that the results of that case were included in the plot of the actuator

F 3 position., Otherwise only the calculations were made and not included in

F . a plot. All cases between a set of horizontal dasbad lines consititute

A g a motion sequence and were considered for one plct. Page one of the

£ 2 printed output presents the geometric information, piston lingths and test
stage position, Page two presents the load calculations referenced to a
point at the top center of the test stage, indicated by a "A" on the
plots. Calculations referred to a set of axes drawn at this point, with
the y axis perpendicular to the test stage and the x axis parallel to

the test stage, are considered to be in the test stage or "local coor-
dinates".

Page three presents the load calculations referenced to the pivot
point of the first actuator, which is the origin of the axis system for the
whole apparatus, or the "Global Coordinates™,

-4 g For each case three load conditions were calculated. The positive
: or negative force limits of the actuator (3300 1bf) were used in three
different configurations at each position to maximize the vertical,
horizontal and moment directions. These various load conditions are in-
& 3 dicated next to each case number either a V, H or M representing the
& maximum vertical, horizontal or moment case respectively.

3 The combination of piston force chosen here maximizes the three
3 different load components for those positlons of the apparatus in which
the angle of the first actuator is < 90° and the angle of the third
actuator is > 90° (the angle is measured counter clockwise positive from
the X axis). For some of the extreme motions of the test stage, the
velative positions of the actuators have changed enough to alter the
- 8 effects of the generalized load cases. lua these extreme cases, the same
“ 4 combination of piston forces may not actually maximize the intended load

parameter,
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4.0 RESULTS

The results of the kinematic study were used to set the actuator
design configurations as well as define the motion of the apparatus. The
results of the study are in three areas:

a) Actuator configuration in the load frame
b) Envelope of motion for the apparatus
c) Loading capability

4.1 Actuator Configuration

The kinematics of two different pivot positions for the actuators
was investigated. Figures 4.1 to 4.5 showrepresentative results for the
actuator motions using the upper pivot point. These figures show displace-
ment of the test stage with various length stages and a 5 inch extension
on the actuators. For the upper pivot locaticn, the test stage was required
to be at least 5.0 in. to avoid interference, The figures show that the
upper pivot position results in large wotions of the body of the actuator.
Figure 4.6 shows the motion of the system with the actuators mounted at
the lower pivot point. Figures 4.3 and 4.6 show a comparison of the
motion of the system with an upper versus the lcwer pivot point and a
six inch test stage. The lower pivot point significantly reduczs the
motion of the actuators. #inimizing the motion of the actuators will
minimize the inertial dynawics of the system thus optimizing the potential
response characteristics.

4,2 Matrix Envelope

The test stage of the apparatus operates in a planar area, trans-
latory vertically and horizontally with a positive {counter clockwise) or
negative (clockwise) angle for the test stage surface. THe three factors
that limit the zotion envelope of the FMMTA are: 1) the piston lengths,
(not to exceed six inches), 2) interference of the actuators with each other
and 3) the third actuator should not go iprto a "snap-through" condition,

a condition which exists when the test stage and the third actuator are

aligned.
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Considering these factors, the envelopes of motion for the
test stage were determined, The maximum and minimum vertical and,
horizontal positions of the system with the test stage at 0° angle were
determined. The point (9, 17.6) is the center or mean between these
four extreme points, The range of motion from this point in the direction
of the extremes was determined for various angles of the test stage.
The test stage angles varied from -50° to +50°, Figures 4.6 to 4,11
show the vertical and horizontal extreme positions for the test stage
at 0° and 30°. The calculations for the kinematic positions and maximum
forces on the test stage for each position are presented in Tables 4.1-4.6,
Appendix B contains the figures for the remaining angles up to plus and
minus 500,

4,3 Load Sensitivity

At each maximum and minimum position, for a particular angle, the
minimum forces on the test stage and specimen were determined.

Tables I and II indicate the maximum forces and moments along the
horizontal and vertical axis at various angles that the PMMTA can generate,

Shown below is a comparison of the test requirements from Section 2.1 and the

PMMTA capacity.

Test . PMMTA
Requirement Capacity
Horizontal 2500 1bf 2200-8200 1bf
Vertical 3030 1bf 4200-9500 1bf
Moment 71 in-1bf 11-26,000 in-1bf

The requirements for the test specimens are well within the capacity of the
PMMTA.
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0000 ¢ B.0000 [ B.0000 ! 8.0000 [t
0066 : 0.0000 { 0.0000 ! 3.0000 1!
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ACTUATGR PIVGT POSITION
ACTURTCY #5 { 0,00, 0.00}
4TIATCR #2 (12,00, C.0C)

FORTES ON TEST STAGS (LOCAL COORDINATES)
ACTUATOR. MOCG - ACES - 6 IN STRIKE

DATE | 20-JL-8C

TEST §TAGE
LENGTHD  8.0C%

ADTOHTL LTSC

ThBLE 4.1-b

ACTUATCR #3 (18.3¢, G406 ACTIATOR EXTINGIDND  5.0H
o b FYS D FX2 b FYZ D TRt FRY D MDWENT
CASE/DIR | (LBS) t  (LBSY I (L88) ¢ (L8S) { (LBS) ! (LBS) i (IN-LBS) :
e 0.0 ¢ 830031 -8B3.1 ! 380,20 9831 ! -BASC.5 1 11070,
1 18820 -0.00 883, 1 -3150.2 1 -2045.4 1 3150.2 . 4288.0 !
¥ 0.0 1 8300.3 ! 3831 ! -3150.2 1 -8B M -3150.2 : 25820.8 .
2V 1 -0.6 3E76.4 1 -140C.3 ! 2088,2 ! 1400.3 ! -BOS4.T 1 l1415.0 |
H 280¢.3 ¢ C0 1 400,30 -2088.2 1 -4200.8 0 28BE.2 0 !SI0
oL <000 SE78.4 ¢ 1400.3 ! -2988.2 1 ~l400.3 1 -26880.Z 1 24443.¢ |

k3
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FORCES ON TEST STAGE (GLOBAL COORDINATES) DATE § 30-.Ui-g: )
ACTEATOR: MOCC - ADBS - 6 IN STROME

ACTURTCR PIVOT. POSITION: TEST STACE
ACTUATOR #¢ ( 0.0C. 0.00) GENITHD 5,000
ACTUATCY #2 (£2.0C: 0.0C: HZIGNTL LTS

-/

3 ACTLATER €2 (18,00 0.00) ACTUATOR EXTENSION: 5,000 o ‘
3 UOORXL . RYC 1 X2 ¢ FY2 I FRK | PRY f MOEENT :
2 ¢ CASE/MR © (LBS) i (LBS) ! (LBS) i (L8G3 | (L8S) | (.8S) ! (IN-LBS) o
‘- 1V L 0.0 6300.3! -883.0 1 3150.2 1 9831 f -C450.5 1 11170.9 § R
b @ o1 19632 ¢ 0,0 §83.0 : -3:50.2 ! 20454 | 2:%0.2 . 4289.! ;
: Mo 0.8 £300,3)  S85..  -3180.2 0 -SE3.0  -3:%0.2 ' 23830.8 !
{ - 20 7 <000 SI76.4 ! -1600.7 0 2988.2 i 1400.3 ! -BS84.5 | LW415.0

o ROl 280081 0.0 0 18002 0 -2083.2 ' -4200.8 ! 2988.2 1 3.0 .

Mo <001 SEI5.4 1 1400.3 | ~2585.2 ! -1400.3 | -2EBR.2 | 24443.!
o
o
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KINEMATICS OF THE THREE ACTUATOR SYSTEN DATE : 05-AUG-81 o= RG.43) y
ACTUATOR: HOOG - ADBS - § IN STROKE ' {
. ACTUATOR PIVOT POSITION: TEST STAGE ? |
1 ACTUATOR #1 ( 0,00, 0,00 LENETH:  £.000
! ACTUATR £2 {12.00: 0.00) HEIGT: 1,780 |
I ACTUATOR 3 (18,00, 0.00) ACTUATOR EXTENSION, 5,000 ®
2R :
oM iome | REFMT [ THET | SIBAMS °
= GASE { DG 1 G @ GWOT K @ Y ! R X | Y 1
PoLl LIMB I SA780 1 5780 | 2.6100 | 15.6500 | ~0.0000 | 2.6100 | 17.6000 | »
- P21 5.9%3 1 L3I L7531 15,4100 | 15,8500 | 0.0000 [ 15,4100 | 17,000 | ‘
2 o °
) - 0 o
e “
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o
®
O |
i
§
o |
|
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)
)
)
X
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FORCES OM TEST STAGE (LOCAL COORDINATES) DATE © 05-AUG-81
ACTUATOR: MOOR - ACES - 8 IN STROKE
ACTUATOR PIVOT POSITION: TEST STAGE
ACTUATOR #1 ( 0.00, 0.00) LENGTH.  6.000
ACTUATOR #2 (12,00, 0.00) HEIGHT: 1.730

ACTUATOR #3 (18.00. 0.00) ACTUATOR EXTENSION. 5.000

I OFXL L FYL I FZ 1 FY2 1 FRX I FRY | MOMENT |
CASE/MIR | (LBS) | (LBS} | (LBS) | (LBS) ! (LBS) | (LBS) | (IN-L8S) |

1 1 -2113.8 1 3898.9 | -2032.4 | 2999.9 1 4145.9 | -0498.8 | 171%2,3 |
| 199121 699.11 20241 -2999.9 1 'mos i lm.' | e
| -2113.3 | S09%0.9t 2032.4 | -2998.9 | .21 -3299.0 | m.s (
219,71 %8972 1 5.3 1 3298.9 1 -220%.1 | -819.1 | 39%.1 |
I lﬂ!-l | .M|B 1 ‘5.3 ' -mo’ ' -‘mo7 | m-’ | m-‘ |

11

I 218,71 392,21 -85,3 1 -2298.9 1 -2004.4 | -2998.3 | 20028,
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FORCES ON TEST STAGE (BLUBAL COORDINATES)
ACTUATOR: MOOG - A0BS - § IN STRORE

ACTUATOR PIVOT POSITION
ACTUATOR #1 ( 0,00, 0.00)
ACTUATOR #2 (12.00. 0.00)
ACTUATOR #3 (18.00, 0.00)

Il m
|

|
CASE/BIR | (LBS) 1 (LBS) 1 (LBS) |

BATE  O3-NE-81

TEST STAGE
LENSTH.  6.000
MEIGHT. 1790
ACTUATOR EXTEMSION: 3.000

| 1 Y | AT
I OBS) 1 (LB8) | (I-L0S) |

L]

~
ExXCEREC

1 -2113.5 | S090.9 | -2002.4 |
I 199121 88.1 1 20241
| =2113.5 1 M9 2022.41

S 1 4145.9 | -3490.8 | 17192.3
o’ | 'mo’ | 1900.8 i w.'
'm.! | 81.2 , -299.0 | 256838.3
211871 W9.21 @31 29%.9 1 -2208.1 | -81%.1 | 3536.1
1 1949.1 1 -200.8 1 '“03 1-329.9 1 ~18063.7 1 ¥B.I 1 NN
21971 M90.2 1 8531 -29.9 | -2034.4 | -29%8.3 | 20028.1
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- KIMEMATICE OF THE THREE ACTUATOR SYSTEM DATE : 03-NiG-81 Tane4.3-a
ACTUATOR: WO0E - AOBS - 6 IN STROKE (s=e P, 4.8)
ACTUATOR PIVOT POSITION: TEST STAGE
ACTUATOR 81 { 0,00 0.00) LENGTH: 6000
ACTUATOR #2 112,00, 0,00) HETBHT:  1.7%0
ACTIATER 33 (18.00: 0.00) ACTUATOR EXTENSION:  5.000

| ML I M2 I M3 I CMFMT I ETA I STBPS |
CASE | (INY I (DO 0 (I% 1 X, 0 Y { (ML X & ¥ |

3.8584 | 2.015 | 9.9208 | 8.B750 1 12,7045 | 0.3238 | 8.0007 | 18.3000 |
1.1827 1 0.1477 1 320631 H.8750 | 14.9845 | 0526 | 8.0000 | 1B.5000 |
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FURCES ON TEST STAGE (LOCAL COORDINATES)
ACTUATOR: MODG - AOSS - € IN STROKE

ACTUATOR PIVOT POSITION:
ACTUATOR #1 ( 0,00, 0.00)
ACTUATOR 92 (12.00. 0.00)
ACTUATOR £ (18.00. 0.00)

MTE | 03-A6-8!

TEST STAGE
LENGTH:  6.000
WEIOHT: 1.7%0
ACTUATOR EXTENSION: 5.000

U 2 4 S T ) {
CASE/BIR | (LBS) 1 (LB8) |

m L m |+ m R

(LBS) | (LBS) | (LBS} | (LBS) | (IN-LBS) {

f V1 6101 S180.4 6
| lm-‘ { -1268.3 |
N1 MEL.0 1 31404 1

2V 1 MBI WML
| 21%.81 -1511.2 1
N M8 WML

798.8 | 3201.9 | 4239.8 | -BM2.3 |
~T98.8 | -3201.9 { -1085.0 | UN0.2 |
-798.8 | -3201.9 | -2082.2 | -1%8.6 |
§30.8 1 324.2 | -4071.7 | 408.2 |
695.8 | -324.2 | -1500.8 | 4745.4 |
.81 2.2 1 ‘m-Q } -1738.9 1

-1638.9 |
3%01.8 |
2038.0 1
-1918.2 |
una i
Ly NN

TARLE 43-0
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FORCES ON TEST STAGE (GLOEAL COORDINATES) MATE ¢ 03-Ak-81 THABLE 4.%-¢

ACTUATORS HOG - ADSS - § IN STROKE \
ACTUATOR PIVT POSITION: TEST STAGE
ACTUATOR #1 ( 0.0, 9.00) (OBTH,  6.00 ,
ACTUATOR #2 (12,00, 0.00) EIGT. 1780 D
ACTUATOR #3 (18,00, 0.00) ACTUATOR EXTENGION: 5,000
9
(R LR L AR L OFZ I FX | FRY 1 NONENT |
CASE/DIR | (LBS) | (LBS) { (LS) | (LDS) | (LBS) | (LBS) | (IN-L3S) | °
LV A0 G183 1 -M821 MTA| AR | -ALS | -1898.9 |
n , . - » . "' . - 0y » o
w ) dBS ) BRI URA ) URS e A ®
20 1 A76.31 BOIB.6 1 -1049.0 ! MBI ST2.7 1 -B4T.4 | -1816.2 |
BT 28580 0 -210.6 | 10480 ( -3128.8 1 -3%07.1 { 231821 24723 (
N1 49831 GO1B.6 | 1088.0 | -3128.8 | ~1525.4 | 28,8 i 15784.4 | 0
0
(]
4]
}
Q
)
O
O
£)
@
)
)
NS
}) 3




o adotoaug UoTION 94yl Jo I9jus9) =yl
] 2 BUOTY UOTION TePluUOZTIOH © o0€ = oT8uy a8vlg 13s9] 30ATd aoMOT - SOTJIRWISUTY JIO0JBNIOY 6°4 *813
Y
O
3 JimM G m...
Dy
o
\J
|
' X '
r~
< ~N
)
3 )
{
. i
4 ]
29 21=E# LIY 40 HOILISOJ ) : ]
@0 ST=z# 1J5 30 NO1LISOd , —
BO'S =3INYLSIO HOISNILK 4 P
3 02°9 = HiON3T 3I9WLS 1sS3L ] MG T Pl
AGNLS JTLUWININ d0LUNLIe ; S3-0 500G | o
.




31M Rmf 8 1

P—— P Ve e’

:
:
;
m

3 | 1
] 5
i 4
: ]
w “ ,
m 1 ”
W. L
w -
] @0 GT=c# L79 40 NOILISO0L “ ™ -
: 66 21=2# 1OY 10 HOILI=Od ) )
96 'S =3oHYL5I0 HOISHILR3 ) : -
89 9 = HLON3T 399ls 1531 1 WG LR TR B
AONLS JTABWINIA J0LUNLIY 1 SR—( S :
m f .Myu (VE_g VA WETE- SV s S O - |‘.g
S me 4 474 o \M




ST Tt Y. Jaasnadnaee

KINEYATICS CF YHE THRET ACTUATOR SYSTEY
ACTUATIRC MCIG - ACBS - 6 IN STROKE

ACTUATER PIVCT PLSITION:
ACTUATER #1 ( 0.00. 0.00!
ACTUATCR #2 (12.00. 0.00!
ACTUATCR 43 (18.00. .00

A3

L O o S B A
CASE D {INy L (M {IN

1

DATZ [ 3C-JuL-8:

TEST STAZE
LENGTED  B.OGS
HEIGRTD 1750
ACTUATER EXTENBIGND  5.00%

REF PNT POTHETS §7¢ P08

X

¥ o© O (RAD} ¢ ox 1Y

e o A s e

TABLE 4.4-~c
(v R1a.49)

£ 07353 ! 2.8837 1 5.87¢7 !
Pzt o2,1580 1 L1862 I 4.2826 ¢
it 4

JZE57 0 0.4B24 | 3.5108 ! 13.8750 ! 18,7845 1

5.6250 | 15,0845 | 0.5236 | 4.7500 | 17,6000
8.8750 | 16.0845 | 0.5236 i 9.0000 i {7.500C !
0.5238 | 13,0000 ! 17.5090 !

- ® 9 © O © 9 & o v

G ®© © © ©O ©
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FORCER ON TEST STAGE (LOCAL CODRDINATES) DATE { 30-JUi-B1
CTUATOR: MOOG - ADBS - 6 IN STROKE
ACTUATCR PIVCT POSITION: TEST STAGE
ACTUATZR #1 ( 0.0C+ 6.00) LENSTH  6.00¢
ACTUATCR #2 (12,00, 0.00) HEIGHTD  1.73¢
ACTUARTCR #3 (18,00, 0.90] ACTUATOR EXTENSIGND  §.000
5 SR © SO 3 S ) 7S 110 FYXY P OMIEENT
CASZ/DIR | (LBS} t {LBS) : (438} ¢ (L88) ¢ (LBE: © (LBE} i (IN-LBS) !
1V b 210410 §2B1.7) 93,30 3285.B 1 -2157.4 i ~808{.2 36:0.8
Y { 2268.81 -835.81%1 -53.3 1 -3288.8 @ -2235.3 : #1332 kYA
¥o1 2104, 0 57BL.7 0 -33.3 1 -3288.8 T -2050.8 | -24B2,: ;. Z3%84.¢ |
2 U 1 384181 S047,8 % 7:7.2%1 322t 0 -4i5B.B i -@26E.E . -I7ET.E !
Wi 2083.% 1 ~1408.8 ' ~717.2 0 -322:.8 ¢ -1G4B.Q © 4B27.6 ! 3088.:1 ¢
oL OJaL,8 0 SCA7.8 0 ~717.2 ¢ -3220.1 % <2245 0 -LBZ3.7 0 20028.6
3 U 0 45%6,8 0 4187,7 ¢ 13%B.6 ¢ 2§65.8 ¢ -BESESS ' -7177.8 1 -SBIG.E
H 1987.¢ ¢ ~10B4.7 ! -1368.5 ¢ -2838.8 ¢ -i30.4 ¢ &B74.4 ! GBES.O
¥ | 4538,9 ! 4:87.7 ! -1386.8 i -20BS.8 | -31B3,2 | -1i87.8 ¢ (5EGE.E .

T’F‘B\-E' 4 14 ’b
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e 95 O © O ¢
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FORCES ON TEST STAGE (GLGBAL COORDINATES) DATE | 30-4ii-8% Thmue 4.4-c
ACTUATOR) NCCO - ADBS - 6 IN STROKE
ACTUATCR PIVCT POSITION: TEST ETASE
ACTUATOR & ( 0.00. 0.00: LENGTH  B8.000
ACTUATOR #2 112.00. 0.00: HEIGHT,  1.780
ACTUACR #3 (18.00, 0.0C! ACTUATTR EXTENBICND  5.000
;o FX FYs 0 FX2 Fy2 FRY FRY wIeaNT o
CASE/DIR © (L38F ! (LBSY i (LBS) i (LBE) P ({LEZ) i (LBE) . (IN-L3E)
£V !-1058.6 ! 0418 ! -1603.5 | 28B4,Z | 2652,2 ! -B826.0 i 3BIC.6 !
B I 2385.8 i 420.5! 1603.5 { -28B4.27 | -4003.4 | 2482.7 | Q475.7°
¥ [ -1058.8 ¢ 604i.3 ! 1603.6 ! -2884.2 ! -545.0 ! -3137.8 ! 23584.t
2 v 456,68 t B022,3 . -0BS.5 ! 346,21 §32.5 : -B240.5 1§ -1787.¢
H | 2480,0 1 -1BS.E : 9BE., T ! -3148.2 [ -3479.5 | 33348 ¢ 3082.1
¥ ' 455,50 B032.3 1 98E,5i -3(48.2 | -1445,. -2944.7 @ 20030
3 OW 0 i88S.2 0 55CB.Et -283.3f 3287.6 1 -1588.7 ¢ -8lthZ | -BB3L.E
kooo2182.00 -B8S.3 0 285.5 ) -3287.5 ! -2467.3 ¢ 39730 0 3853.0
¥ i 18552 0 SME.5! 285,51 -3267.8 ! -2:40.8 i -2616.5 . 15€6%.§ :
-31-
- * 7(‘: N ﬁf.

v ©O® e © © O C .

W




sdoTeaud UOTIOW Yl FO I33USY ay3 BuoTy
UOTIOH TBOTIABA aoOm = oTduy °3e1y 1SSl $10ATd J9MO] — SOTIEWAUTH Jo03en3oy oT'h *313

0
o0
o M
|
- 1
] o
p |
G@ 81=c# L1OY 40 NOILISOd U
W. 06 ci=c# 109 40 MOILISOd .
- 00 C =30NBLSI0 HOISH3LK3 ] .
, 009 = HLIONI1 39915 1531 ] HpLEnLOY -
AONLS DILUWANTA BOLENLIY ] 2808 D00




s v s TR AR S A s TOART I

i_: * " KINDATICS OF THE THREE ACTUATGR SYSTEN ITE ; 03-AUG-61 TABLE 4.5 -a
1 ACTUATOR: M0OG - AOSS - § IN STROKE (SE® Fio, 4.10) N
| ACTUATOR PIVOT POSITION: TEST STAGE
: ACTUATER 31 ( 0,00, 0,00} LENGTH: 6,000 |
: ACTUATOR #2 (12.00, 0,00} I 1.7%0 B
; ACTUATOR 3 (16,00, 0.00) ACTUATOR EXTENSION: .00
!
| ®
: I M1 K21 M3 | KFAT [ THETA | seros !
| CSE L (0 L (D0 L (Mt X LY 1w toX Y °
P 11 S35 SMTII 342281 01250 | 17,445 | -0.5236 | 9.0000 18,0000 |
P 21 2.019 1 2,868 | 0.0521 | 81250 | 13,605 | 0.5238 | 9.0000 | 13.2000 | s
o
¢ )
o
-]
-
)
0
9
0
O
©
o
3
)
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" FORCES OM TEST STAGE (LOCAL COORBINATER)

ACTUATOR. MOBC - ADAY - £ 1N STRIRE

ACTUATOR PIVOT POSITION:
ACTUATOR €1 ( 0,00, 0.00)
ACTUATOR #2 (12.00. 0.00)
ACTUATOR #3 (18.00. 0.00)

I 2 ¢ S R 2 S N 2 4

l
CASE/MR | (LBS) | (LBS) f (LBS) &

MTE ¢ 03-AlG-81

TEST STAGE
LENBTH:  6.000
HEIBHT. 1.750
ACTUATOR EXTEMSION: 3.000

FY2Z « X | FRY | WOMNT |
(LBS) { (LBS) | (LES) | (In-LBS) i

10 "m.

™~
RXRECRE

| 3377.7 "m.. { 1’17.‘ 1 m-z 1 'moo { m.s i
| 103271 28850 1 -1917.4 1 4.3 1 8471 1IT7A L
| Q77,71 288581 -1817.4 1 W6 | -M60.3 | 22908.4 |
| -3211.6 | S231.0 1 -2082.0 | 1GO7.6 | @083.5 1 -#839.4 | 21536.3 |
| 2005.61( 1288.0 | 2882.0 | -1607.6 | 4947.5 | 3ME| -3H.E(
{-2M161 23181 7882.0 { -1007.6 | 329.6 ! -3624.2 1 21034.9 {
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TRBLE 4.5-¢

B FOMCES ON TEST STAGE (RLOBAL COORDINAYES) BATE © 03-MB-8!
¢ ACTUATOR! 190 - A0SS - § 14 STOORE
: ACTUATOR PIVOT POBITION: TEST STARE
| : ACTUATOR #1 ( 0,00, 0.00) LDBTH:  £.000
§ 4 ACTUATOR #2 (12,00, 0.00) REIGNT: 1,790
S ACTUATOR B3 (18.00: 0.00) ACTUATIR EXTDNSION:  5.000
o |
k R TR IR - R R B .
1 o CASE/MR | (LES) | (LES) | (LBS) | (LBS) | (LDG) | (LDS) | (TMLBS) |
1V 1 -142.61 628191 ~1267,31 23,6 | {508.8 | -S295.3 [ 20M2.5
;. A Holo190.4 1 45,01 167,31 -3000.4 | -XISA7 1 Z8MA 1 1T |
L) NI -12.8 1 628181 17,3 1 -3003.4 | -1224.7 | -3280.5 | 22808.4 |
j 2V 1 -S40 BI%.61-1032,1 | 2321 18505 | -8869.8 1 215%.3 |
: _ Ho)oN281 BS.01 1M1 -30.2 0 41491 W81 8|
¢ Nof 1654 1 G368 1 IR0 [ -2833.2  -1S28.7 { 335 [ Z1084.8 (
o)
(¢
N |
- K
. O
o ‘
0
G
i
e
!
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~ KINEMATICS OF THE THREE ACTUATOR SYSTEN

ACTUATOR: MOOG - AORS - 6 IN STROKE

(CTUATOR PIVOT POSITION: -
ACTUATOR &1 ( 0.00, ¢.00)
ACTUATGR #2 (12.00: 0.00)
mm “ (ll.ﬂr 0.09)

81 M2 t M3 i

{
oo o

BATE 1 03-MUG-681

TEST STAE

LENGTH:  6.000
HEIGHT: 1730

ACTUATER EXTENSION:

REF ANT
i

{ THETA |
Y () I

3.000

X

76 POS
i

Y

=37~

W[ S.97H 1 2870 t 4.8250 | 18,084 | -0.52% | 3.7000 | 17.8000 i
58390 1 261731 0.0081 | 12.1Z50 | 16.0043 | -0.523 | 13.0000 | 17.8000

TARE 4.6-c
(s5E Fia, 4.11)
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“FORCES ON YEST STAGE (LOCAL COGRBIWATES)

ACTUATOR: NODB -~ AOBY - § IN STROKE

ACTUATOR PIVOT POSITION.
ACTUATOR #1 ( 0.00, ¢.00)
ACTUATOR £2 (1209, 0.00)

[ 2t SO T 1 £ I B - S
CASENIR | (LOS) | (uBS)1 (B8) 1

DATE © 03-AUG-81 TRRLE 4.6-b

TEST STAEE
LEMBTH.  6.000
HEIGHT: 1,730
ACTUGTOR EXTENSION:  3.000

Fr2 | FX | FRY 1 NOMENT |
(LBS) 1 (LBS) | (LBS) | (IN-LBS) |

1V 1 -4108.4 1 4738.0 1 -2012.5 |

{ "212‘.3 | .0 | 'm.i {

~N
EEZCERE

1304.8 1 7122,0 | -6083.8 | 22843.8 |

PoISS2,7 0 1M6.0 1 013,31 -1344.8 | 4%66.21 -1.31 8191
| -4108.4 | 4720.0 1 013.5 1 -144.8 1 1084.8 1 -3354.1 | 20167.5 |

428.7 | 4357.7 1 -8325.7 | 10043.1 {

| 182,61 698.6 1 2238.4 | -2428.7 | -4470.9 | 1728.1 1 2062.5 |
| -2121.3 | 5998.0 | 2238.4 | -2428.7 1 -415.1 | -AT2.4 | 24787 1
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" *FORCES ON TEST STAGE (BLOBAL COORDINATES)

ACTUATOR: MOOG - ADSS - 6 IN STROKE

ACTUATOR PIVOT POSITION:
ACTUATOR #1 ( 0.00, 0.00)
ACTUATOR #2 (12.00. 0.00)
ACTUATOR #3 (18.00, 0.00)

N o S U T S A 2 -
CASE/DIR | (LBS) | (LBB) | (LBS) |

MTE © (3-AUG-81

TEST STABE

- LEMGTHD  6.000
HEIGHT:  1.7%0

ACTUATOR EXTENSION: 9.000

FYz + FX | FRY | MNENT |
(LBS} 1  (LSS) |  (LBS) | (IW-L8S) |

19 1-1188.5 1
I 2017.2 4
i ~1188.3 1

6159.3 | -1837.4 | 2671.4 | 325.8 | -2828.7 | 22B4%.9 |
W41 183741 -4 1 -390 ) 222,01 MM
6138.3 | 1837.4 | -2671.4 | -4B.8 | -}498.8 | 20167.5 |
6169.4 | -723.4 | 329.7 | -388.0 | -B383.1 | 18043.1 |

I 20161 -26.31 7241 -R19.7 1 -273%3.0 1 /960 | 20825 |
I 111241 6169.4 1 723.4 | ~3218.7 | ~1835.6 | -249.8 | 247757 |
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TABLE I

FORCE RANGES AT MAXIMUM AND MINIMUM POSITIONS FOR EACH ANGLE ALONG THE
HORIZONTAL AXIS

ANGLE HORIZONTAL VERTICAL MOMENTS ‘
(deg) (1bf) (1b£) (in-1bf) ;
¥50° 16500 - 7800 | 5000 - 6500 15,000 ‘
-50° 7700 - 8200 4200 - 5100 24-26,000 §
+40° 4400 ~ 6800 6200 - 8100 13-19,000
-40° 6200 - 7800 5200 - 7000 21-23,000
+30° 2200 ~ 5900 7200 - 9100 16~24,000
-30° 4400 - 7100 6100 - 8300 23-25,000
+20° 2900 - 3000 4400 - 9300 17-26,000
-20° 3500 - 6200 7000 - 9100 22-26,000
+10° 3500 - 4000 8500 - 9100 21-26,000 i
-10 2700 - 5200 7800 - 9400 24-26,000
0° 2200 - 4100 8500 - 9200 24-26,000




FORCE RANGES AT MAXIMUM AND MINIMUM POSITIONS FOR EACH ANGLE ALONG THE

TABLE II

VERTICAL AXIS

ANGLE HORIZONTAL VERTICAL MOMENT
(1b£) (1b£) (1b1) (in-1bf)
+50° 6900-7000 6000 11-12,000
-50° 8100 4500 25,000
+40° 5600-5700 7200-7300 16,000
~40° 7200 5700-6000 23,000
+30° 4100-4200 8200-8300 20,000
-30° 3300-4100 8900-9300 21-23,000
+20° 2500-2600 8800-9100 22-23,000
-20° 4400-4800 7800-8300 23-25,000
+10° 2400-3300 9100-9400 24-26,000
-10° 3500-4500 8500-9100 24-26,000
0® 2900-4200 8300-9500 24-26,000
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5.0 DISCUSSION: Selection of Design Parameters

To optimize the response of the system a pivot point that mini-
mizes gross actuator motion is required. The results indicated that the
lower pivet point is the best cheice to meet this requirement. Therefore,
the apparatus design will incorporate the actuators mounted at the lower
pivot point.

A set of ranges of maximum and minimum motion was established for
the test stage positioned at positive angles. A second set was determined
for the negative angles. These results were combined into a single set
of envelopes by using the more conservative extreme positions from the
two sets of calculations at each magnitude (absolute value) of test
stage angle. Figure 5.1 shows the range of motion for the absolute value
of test stage angle. In the first quadrant the actual boundary for 0°
angle of the stage is shown. This curvature of the envelope was found to
be similar for all of the envelopes.

In order to simplify the boundary conditions, a conservative,
linear approximation was made for the curved boundaries, Figure 5.1
shows this approximation for all of the various angles. All of the
envelopes have a similar shape, however, they are not concentric. The
variations in the envelopes is due to the non-geometric constraints on
the system, such as the actuator interference constraints,

A second linearization can simplify the results further, Figure
5.2 shows the variation of the actual boundary from the center of the axis
system as a function of increasing angle. The curves are non-linear which
results in the non-concentric envelopes. Conservative, linear approximations
were made for each axis (see Figure 5,2), which results in concentric linear
envelopes, Figure 5.3,

The finalized enveloped (Figure 5.3) have the following ranges of

motion
MAXIMUM MAXIMUM
ANGLE VERTICAL RANGE HORIZONTAL RANGE
(in.) (in.)
0° 5.0 13,0
10° 4,1 10.8
20° 3.2 8.8
30° 2.5 6.6
40° 1.7 4,5
50° 0.9 2.3

These ranges of motion are more than adequate to meet test
requirements for all of the spinal specimens. The simplified linear
approximations may be applied to the definition of a motion limjit
envelope used by the PMMTA control system for limit motion detection.
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6.0 SUMMARY

The Moog A0-85 actuator is suitable for the Planar Motion Material
Testing Apparatus (PMMTA). The following conclusions may be drawn from
the kinematic study of the three actuator system:

1) The PMMTA actuator configuration will utilize the lower pivot
point of the actuator.

2) Considering the pivot point of the first actuator as the origin
of a set of global axes, the second and third actuator pivot point locations
are at (12, 0) and (18, 0) respectively. The moveable test stage is six
inches long and is attached to the actuator pistons by five inch extensions.

3) The PMMTA load capacity exceeds the test requirements for
vertical, horizontal and moment loading of spinal specimens by at least
a factor of three. The envelope of motion of the PMMTA depends on the
angle of rotation for the test stage (the size of the envelope decreasing
as the absolute value of the angle increases).

0.9 in. vertical and 2.3 in. horizontal at 50° angle ‘of the test stage.
This exceeds the requirements for testing spinal specimesas.
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APPENDIX A:

Appendix A contains a listing of the various subroutines used in the
Kinematic study.
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PROGRAM TO STUDY THE KINEMATICS OF THE THREé ACTUATOR SYSTEM
FILE : SACKIN.FO4 )

PROGRAM ACTKIN

LOGICAL#1 FNOUT(14)

LOGICAL PLT.HDC.PLN

INTEGER OUTDEV

DIMENSION DAY(3)

COMMON/ACT/ NA,A(2,75):RA(2.:75)
COMMON/CONTRL/ IPC
COMMON/LDFRM/ S.EXP,X2,X3
COMMON/PL/ PL1.PL2,PL3
COMMON/PLTHWIN/ XMN,XMX:YMN.YMX
COMMON/TST/ NTS,TS(2,13):,RTS(2,13)
COMMON/GEOM/TH1 + TH2,TH3:TH,

& ui1(2).02¢(2),U3(2)
COMMON/COQRD/XC,YC.PH

CALL DAYE(DAY)
NA=7%

NTS=13
NCAS=100

¢ O © e U 6

nmMmnM

OPEN two scratch files: UNIT=50 and UNIT=51 for the force output

S

OPEN(UNIT=50,TYPE=‘SCRATCH ', INITIALSIZE=30,
& RECORDSIZE=30)
QPEN(UNIT=S1,.TYPE='SCRATCH ', INITIALSIZE=5Q,
& RECORDSIZE=30)

"

Read ACTUATOR data

Oonn

OPEN(UNIT=20,NAME= 'BACTUA.DAT ', TYPE= ‘OLD '+ ACCESS= ‘SEQUENTIAL *)
READ(20.%) (I.,A(1,1).,A(2:1).1I=1,NRA)
CLOSE(UNIT=20)

Read TEST STAGE data

n0oon

OPEN(UNIT=20.NAME=‘BTSTST.DAT ‘', TYPE=0LD ' ACCESS="SEQUENTIAL ")
READ(20,#) (I,TS5¢1.1).T7S(2.1),I=1,NTS)
CLOSE(UNIT=20}

Read INPUT data
OPEN(UNIT=20,.NAME=‘S8ACKIN.I01 ', TYPE='0OLD’,ACCESS="'SEQUENTIAL *)

SET AN OUTPUT DEVICE : Printer (P), File (FILE NANE)
A Termina)l is NOT allowed because plottina

® 6 ©0 © e O

o000 O9Nn

READ(20.314) FNOUT

314 FORMAT (14A1) )
QUTDEV=6

IF(FNOUT(1) .EG. ‘P’) GOTO B

QUTDEV=2S )

OPEN(UNIT=25,TYPE= ‘NEW * , ACCESS= *SEQUENT IAL * , NAME =FNOUT , ERR=800)

GOTO 8

800 CONTINUE )

TYPE #,’ ERROR IN THE OUTPUT FILE NAME: '
TYPE B01,FNOUT,DAY

'3 PTG wce

—
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801 FORMAT(’ FILE NAME: ‘10A1,80X,’DATE ©: ' 3A4)

sTap )
C
8 CONTINUE

IF(OUTDEV .EQ. 6) OPEN(UNIT=6,NAME=‘LP:’,RECORDSIZE=132,
& ACCESS:'SEQUENTIAL‘,FORM='FORMATTED ’',CARRIAGECONTROL='FORTRAN’)

( PLT=.FALSE.
READ (20.:50) RESP
50 FORMAT (Al)
IF(RESP .EG. 'P’) PLT=.TRUE.

HDC=.FALSE.
READ(20.50) RESP
IF(RESP .EQ. ‘H’) HDC=.TRUE.

PLN=.FALSE.
READ (20,50} RESP
IF(RESP .EG. 'P’) PLN=.TRUE.

5" o e -~
O e e o

ﬁ
(w}
\J

READ(20,%) XMN,XMX.YMN.YMX
READ(20.,%) IPIVOT
C READ(20.#) S,EXP.X2:X3

IF(PLT) CALL PLTHD

« CALL WRTHD(QUTDEV.DAY)
CALL WRTFHT(30,DAY)
CALL WRTFHG(S1.,DAY)

€ & O

Read the actuator lenaths to be plotted

monoD

DO 1 I=1.NCAS
IFC.NOT. PLN) GOTO S
READ(20,#,END=900) IPC,XC,YC.,PH
© CALL PSTLEN (IPIUVOT) V)
IF(P1 .GT. 6.) GOTO 1
IF(PZ .GT. 6.) GOTO !

—

(| IF(P3 .GT. &§.) GOTO 1 D
GOTO &
3 READ(20.%,END=300) IPC.PL1,PLZ.,PL3
¢ 6 CONTINUE )

IF(IPC .NE., 8) GOTO 2
IF{PLT .AND. HDC) CALL HDCPY
IF{ (.NOT. PLT) .OR. (PLY .AND. HDC) ) GOTG 3 c;
CALL ALPH
IF(PLY .AND. .NOT. HWHDC) ACCEPT 50,RESP
CALL INITT O
3 CONTINUE
c Check Ffor the END of UNIT=20
READ(20.,+.END=90Q0) .
BACKSPACE 20
IF(PLYT) CALL PLTHL
CALL DASH(OUTDEV.30,31) )
I=1-1
GOTO 1

~

Produce outPut for mlottina and writina

NOOO

CONTINUE .
CALL KINCAL (IPIVOT) g
IF(PLT .AND. IPC.EG.1) CALL PLTOUT(IPIVOT) ‘3%

wtr\d‘-’ff‘f*k.%ww e
P . E-Pe . Sl




3 CALL WRYOUT(QUTDEY,I)
b ¢ CALL FORCAL
[, 3 CALL WRTFOR(%0,51,I)
' 1 CONTINUE

-’

300 CONTINUE
: CALL FORMFD(QUTDEW)
%é( CALL DUMPFL (QUTDEV.50)

@Q CALL FORMFD(OUTDEV)
& CALL DUMPFL(OUTDEV,S1)

® o v

:é% IF(QUTDEV .EQ. 6) CLOSE(UNIT=E)
CLOSE(UNIT=20)
IF(OUTDEYV .EGQ. Z5) CLOSE(UNIT=25)

®
(,' END
O
P

<
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100

FUNCTION ANGL(COSA)
SINA=SGRT(1.~-COSA#COSA)
ANGL=ATAN(SINA/COSA)
PI=4.#ATAN(1.)

IF(ANGL .LT. 0.) ANGL=PI+ANGL
END

SUBROUTINE FORMFD(QUTDEWV)
INTEGER OQUTDEV
WRITE(OQUTDEV.100) 12
FORMAT(‘ ‘,Al)

END

W




3
SUBROUTINE DASH(NOUTO. NOUT1,NOUT2)
WRITE(NQUTO,100) “3
WRITE(NOUT1,101)
WRITE(NOUT2,102)
100 FORMAT (1X,88(/'-'}) 3
101 FORMAT(1X.82¢('-'))
102 FORMAT(1X:82('-"))
END 9
o
1)
®
o
o
o
®
)
¢
4
O
o
o .
i
3
®
4
Do
)
>
i
]
?
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SUBROUTINE DUMPFL (QUTDEV:NU)
INTEGER OUTDEV
DIMENSION A(30)

REWIND NU

DO 1 I=1,500
READ(NU.100-END=800) A
WRITE{OUTDEV,200) A
CONTINUE

CONTINUE

CLOSE (UNIT=NU)

FORMAT (30A4)
FORMAT (1X-30A4)
END

""L”.-\\“’\‘ TR i " Y
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SUBROUTINE KINCAL(IPIVOT)

COMMON/LDFRM/ S.EXP:X2.:X3

COMMON/PL/ PL1.PLZ,PL3
COMMON/TST/ NTS.TS(2:13),RTS(2,13)
COMMON/GEOM/THL » THZ,TH3, TH,

& Ui(2).U2(2).U3(2)

SINA(COSA)=8Q@RT(1. - COSA*C0SA)
PI=4 . #ATAN(1.)

e & & o

b
.
k-
b

Kinematic relations for the 3 DOF test appPartatus

a0 n

néﬁl EXB=0.
- IF(IPIVOT .EQG. S53) EXB=9.14 )

Ly

L EXT=EXP+EXB
. D1=PL1+EXT
s D2=PL2+EXT

O

3 D3=PL3+EXT

E CTHi=(D1*D1 + X2#X2 - D2#DZ)/(Z2.%D1#X2) o
- AN TH1=ANGL (CTH1)

g 11 (1) =D1*CTHI

4 C U1(2)=D1#SINA(CTHL) , )

CTH2=(D1*CTH1-X2)/D2
¢ TH2=ANGL (CTHZ) )

s DX=X3-XZ
D=SERT(D2#D2 + DX#DX - Z2.+D2*DX*CTHI) ]
LY CTH3P=(DX~-DZ#CTHZ) /D
. STH3P=SINA(CTH3P)
' () CTH3PP=(D*D + D3#D3 - S#8)/(2.#D+*D3) D)
STH3PP=SINA(CTH3PP)
TH3=PI - (ANGL{(CTH3P) + ANGL(CTH3PP))
O U2(1)=X3-D3* (CTH3IP*CTH3IPP — STH3IP#STH3PP)
: U2(2)=D3*(STH3P+CTH3PP + CTH3P*STH3PP)
o
o

U3(1}=0,5%(U1(1) + U2(1))
U3(2)=0.5#(U1(2) + U2(2Z))
TH=ATAN( (U2(2)~-U1(2)) /7 (U2(1)=U1(1)) )

1 END

[}
® & O O e«




SUBROUTINE PLTHD

COMMON/LDFRM/ S.EXP,X2,X3
COMMON/PLTWIN/ XMN:XMX:YMN:YMX

C 9
c
€ Set urp plot area and tvre headinss
c 9
CALL ERASE
CALL CURSOR(0.,750.)
TYPE 100,S.EXP,X2,X3 O
100 FORMAT (40X, ‘ACTUATOR KINEMATIC STUDY'/
& 45X, ‘TEST STAGE LENGTH ='F5.2/
.3 45X, 'EXTENSION DISTANCE='FS5.2/ ]
& 45X, ‘POSITION OF ACT #2='FS.2/
& 45X, ‘POSITION OF ACT #3=‘F5.2)
CALL CURSOR(0.,7850.) O
TYPE 200
200 FORMAT(’ MOOG ARD-85'/* ACTUATOR‘)
CALL CURSOR(O0.:195.) 9]
TYPE 101
101 FORMAT (65X, 'WTE "}
c o
CALL INITB
c
€ Draw the Actuator Model )
c
CALL WIND(1.,-20.,5.,-2.,8.:0,.,5.25)
CALL WINDBD O
CALL PLTACT(S1,0.,0.:0.:0.:1.)
C
€ Setup the drawins window )
C
CALL WIND(B.25,XMN,XMX,YMN,YMX:0.,0.) y
CALL WINDED ®

CALL AXIS(1.)

END




c

SUBROUTINE PLTOUT(IPIVOT)

COMMON/LDFRM/ S.EXP,X2,X3
COMMON/PL/ PL1.PLZ.PL3
COMMON/TST/ NTS.TS(2:13):RTS(Z:13}
COMMON/GEOM/THL » THZ, TH3:TH:

& Ui(2),u2(2),U3(2)

C Plot the actuators and the lcad eplatten

C FORM
c

.
&

CALL PLTACT(IPIVOT.XA,YA,TH.PL.AM)

CALL PLTACT(IPIVOT,0.:0.,THI PL1,1.}
CALL PLTACT(IPIVOT .X2:0.,THZ2,PL2,1.)
CALL PLTACT(IPIVOT :X3:0.,TH3,PL3:-{.)

XA=U1(1)

YA=U1(2)

CALL SCLBOD(NTS:TS:RTS:1:1.2.S)
CALL ROTATE(NTS:RTS:RTS:1,XA,YA,TH)
CALL PLTTS

END

G O e U @ v o

® & QO




. .
3 g SUBROUTINE WRTHD(OUTDEV.DAY)
L g INTEGER OUTDEY )
H DIMENSION DAY(3)
. X ; COMMON/LDFRM/ S.EXP.X2.X3 D)
= COMMON/TST/ NTS.TS(2,13).RTS(2,13)
. c '
3 3‘ g Write header to OUTDEVY D
WRITE(QUTDEY,300) DAY
3 ¢ WRITE(QUTDEV,304) 0.+0.:5,X2:0.:,78(2,13):X3,0.,EXP (- ]
WRITE(QUTDEV.302)
c :
k. 300 FORMAT (‘' KINEMATICS OF THE THREE ACTUATOR SYSTEM'20X‘DATE : ‘3A4/
3 ®
ks & - 4X’ ACTUATOR: MODG - AOBS - 6 IN STROKE’)
- . 301 FORMAT(/5X’ ACTUATOR PIVOT POSITION: ‘,20X,'TEST STAGE'/
\ @ & 10X’ ACTUATOR #1i ('FS5.2/,'F5.2) ‘20X'LENGTH: ‘F8.3/ 0O
E & 10X’ ACTUATOR #2 ('F5.2','F5.2) 20X 'HEIGHT: 'F8.3/
3 & 10X° ACTUATOR #3 ('F5.2':'FS.27) 15X
& (4] & ‘ACTUATOR EXTENSION! ‘F8.3) - D
-, 302 FORMAT(/ /' M PL1 ! PLZ i PL3 L’
4 &’ REF PNT I THETA | STG POS L/ :
3 © & * CASE | (IN)Y | (INY | (INY t7 O
3 &’ X { Y | (RAD) | b ! Y {7/
: i & ? e ————— e o T A - S 4 M A i S S s St e 2 i e S S S S ot -
;- f e e e e e e e e ) 8]
: a END
\'- @ e
)
L © °
~ O
-4 . ) D
L © )
] ¢ ®
® °
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SUBROUTINE WRTOUT(OUTDEV.NC)

LOGICAL*1 IPA(2).IFA(2)
INTEGER QUTDEV

COMMON/CONTRL/ IPC

COMMON/LDFRM/ S.EXP:X2,X3
COMMON/PL/ PLL.PLZ.PL3
COMMON/TST/ NTS.TS(Z:13),RTS(2:13)
COMMON/GEOM/THL » THZ, TH3, TH,

& Ut(2),uz2(2).u3(2)
DATA IPR/’ '+ 'P'/ .

® ~

- c
€C Write the calculated outrput data
C

e o o

R de o

XA=U1(1)
YA=U1(2)
CALL SCLBOD(NTS,TS,RTS,1,1,2,S)
CALL ROTATE(NTS,RTS,RTS:1,XA:YA,TH)
WRITE(OUTDEV.303) IPA(IPC+1),NC; 9
& PL1,PL2,PL3, ‘
& U3(1),U3(2), TH,RTS(1,13),RTS(2,13)

C

303 FORMAT(2X.A1,I4’ |',B(FB.4,1X'1'))
END

c © o

o e e Ve U o = s A s b




SUBROUTINE FORCAL

COMMON/LDFRM/SEXP.EX2,EX3 )
COMMON/FORCES/X1(3):Y1(3):X2(3),Y2(3}):XR1(3) . YRL1 (3} ,RMO(3),
& X1L(3),YIL(3) - X2L(3) . Y2L(3) » XRL(3) , YRL(3)
COMMON/GEOM/TH1, THZ2,TH3, TH. U1(2),U2(2) ,U3(2)

DIMENSION F1(3).F2(3),F3(3)

o

PI=4,%ATAN(1.)
SINO=SIN(TH)
£0S0=COS( TH)
SIN1=SIN(TH1)
COS1=COS(TH1)
SINZA=SIN(PI-THZ)
COS2ZA=COS(PI-THZ)
SIN3A=SIN(PI-TH3)
COS3A=COS(PI-TH3)
F1(1)=3300.
F2(1)=3300.
F3(1)=3300.
F1(2)=3300.
F2(2)=-3300.
F3(2)=-3300.
F1(3)=3300.
F2(3)=3300.
F3(3)=-3300. O

e © o & IO ©

Resolution of input forces and reaction forces to alobal coordinat@e
on the test stage.

nooOoan

DD T J=1.,3
YI(J)=FLi(J)I#SINI+F2(J)#SINZA
Y2(J)=F3(J)*SIN3A
X1(J)=~F2(J)*COSZA+F1(J)*CO51 Q
X2(J)Y==-F3(J)*COS83A
XR1(JY==(X1(J)+X2(1))
YRICI)==(YL1(J}+Y2(J)) . 9
Resolution of input forces and reaction forces to local coordinates
on the test stase.

—

aonn

YIL(J)Y=YL(J)#COSO-X1(J)*SINO
Y2L(J)=Y2(J)y*COSO0-X2(J)#*8INO
X1L(J)=Y1(J)#SINO+X1 (J)+COSO
X2L(J)=Y2(J)#SINO+X2(J)#COS0
YRL(J)=YR1(J)*COSO-XR1(J)#SINO
XRL(J)=YRI(JI#SINO+XR1(J)#COSO
RMOCJ)=(YIL(JI=YEL(J))#S/2-1 . 73# (X1L(J)+X2L (J))

® 9% O O

3 CONTINUE
END

'y
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SUBROUTINE WRTFHT(OUTDEY.DAY)
INTEGER OUTDEV )
DIMENSION DAY(3)

COMMON/LDFRM/ S,EXP,X2,X3 ¥
COMMON/TST/ NTS.:TS(2:13).RTS(2,13)

header to QUTDEV, a scratch file ®

WRITE(OUTDEV.300) DAY
WRITE(QUTDEV,301) 0.,0.,8,X2,0.:,TS5(2,13):X3,0.,EXP ©
WRITE(QUTDEV,.302)

FORMAT(’ FORCES ON TEST STAGE (LOCAL COORDINATES) ‘18X'DATE ! ‘3R44A9
& 4X' ACTUATOR: MOOG - AODBS - 6 IN STROKE')
FORMAT(/5X‘ ACTUATOR PIVOT POSITIONI ‘,20X.‘TEST STQGE'/

& 10X* ACTUATOR #1 ('F5.2/,'F5.2') ‘20X 'LENGTH: 'F8.3/ 9
& 10X’ ACTUATOR #2 (‘'FS.2',°‘FS.2')Y’20X'HEIGHT: ‘F8.3/
& 10X’ ACTUATOR #3 ('FS.2','FS.2')718¥%
& ‘ACTUATOR EXTENSION. ‘FB8.3) 9
FORMAT(// ' t FX1 | FYi 1 FX2 1,
&' FY2 | FRX | FRY I MOMENT t'/ '
& * CASE/DIR | (LBS) | (LBS) | (Lesy t/, (@)
&' (LBS) | (LBS). | (LBS) | (IN-LBS) (*/
&, 1X.82('-'))
END )
O
)
O
@
0
i)
0
o
)
)
)
-80. ’
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e



.E SUBROUTINE WRTFHG(QUTDEV.DAY)
3 INTEGER QUTDEV )
A DIMENSION DAY(3)
] c
3 COMMON/LDFRM/ S,EXP,X2,X3 - b
- COMMON/TST/ NTS.T8(2,13),RTS(2:13)
3 c
3 x| C Write header to OUTDEV, a scratch file S
: c
/ 8 WRITE(OUTDEY.300) DAY
3 -re WRITE(QUTDEV,301) 0.,0.:5:X2,0.,TS(2,13),X3,0.,EXP D)
b = WRITE(OUTDEV.302)
3 . . c
3 @ ' 300 FORMAT (' FORCES ON TEST STAGE (GLOBAL COORDINATES) O
4 3 & 18X 'DATE : ‘3A4/
'. & 4X’ ACTUATOR: MOOG - A0B3 - 6 IN STROKE')
1 @ 301 FORMAT (/5X’ ACTUATOR PIVOT POSITION: ’‘.20X, TEST STAGE'/ (&)
G - & 10X’ ACTUATOR #1 ('F5.2','F5.2')'20X'LENGTH. ‘FB.3/
1 - & 10X’ ACTUATOR #2 ('FS5.2','F5.27)'20X‘HEIGHT: 'F8.3/
g N o] & 10X’ ACTUATOR #3 ('FS.2','F5.27) 15X 9]
4 3 & ‘ACTUATOR EXTENSION: ‘F8.3)
3 . 302 FORMAT(/ /'’ ! FX1 ! FY1 ! FX2 17
: 1 © &’ FY2 | FRX ! FRY I MOMENT '/ O
3 4 & * CASE/DIR | (Les) | (LBS) | (LBS) ',
&’ (LBS) | (Les) (LBS) t (IN-LBS) 1/
i &, 1X,82('~")) ()
END
9 ¢
3 }
S © O
o e &
;_“ ¢ O
)
®
®
)
]
-81~ o
g S i - i 4
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SUBROUTINE WRTFOR(NOUTO.,NQUT!,NC)
LOGICAL*1 A(D)
COMMON/FORCES/X1(3),Y1(3),X2(3),Y2(3) XR1(3),YR1(3)RMO(3) .,

& X1L(3}YIL(3) X2L(3) . Y2L(3)  XRL(3)  YRL(3)
DATA A/ 'V ‘s 'H’'» "M/

WRITE(NOUTO,200) NC, (ACI)XIL(I),YIL (L) X2L(1),YZL(1),

& XRL(I)»YRL(I),RMC(I)}.I=1,3)
WRITE(NOUT1,200) NC,(ACI) X1(I),YL1(I),X2(1),Y2(1),
& XR1(I),YRI(I).RMO(I),I=1,3)
FORMAT(1X:14,2X,A1' |/ 8(FB.1,1X"1'),FO.1.1X"1 "/
& 7X AL’ 1, BUFB. 11X 1/ )FO. 11X 1"/
& 77X+ AL’ 1 :8(FB.L1+1X‘17),FO.1.,1X'1 "}
END

- & 0 ¢© -

O

¢

¢ O O

)
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¢ SUBROUTINE PSTLEN (IPIVOT) )
: COMMON/LDFRM/S.EXP:X2,X3
g ¢ LLCOMMON/PL/PLL,PL2,PL3 )
o COMMON/COORD/XC.YC,PHO
COMMON/CONTRL/IPC
o Y °
Y 2 PI=4, #ATAN(1.)
T ¢ PH=PHO#P1/180. S
. C
- , €C Calculations of riston lensths siven Ctase rosition and Ansle (PH).
1 o c S
* c
R2=XC+S/2.+COS(PH)+1.73#SIN(PH)
3 G R1=XC-5/2.#COS(PH)+1 ,75#SIN(P'{) O
3 S1=YC~
~ sz=vc+8/3: 38N LRI}t 23R8 (R
o ¢ )
PL1=SERT((R1##2)+(51%#+2))
PL2=SART({ ((X2-R1)##2)+(Si»+2))
[a) PL3=SGRT(((X3-R2)##2)+(S2#42)) D)
C
EXB=0.
( IF{IPIVOT .EQ. 33) EXB=9.14 [++3
EXT=EXP+EXB
PL1=PL1-EXT
€ PL.2=PL2-EXT o
PL3=aPL3-EXT
c
END )
L © S
0 o
. O Q
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APPENDIX B:

Each figure in Appendix 3 represents maximum/minimum positions for the
test stage at a specific angle. Included with each figure in the kinematic
dimensions along with the maximum local and global forces and moments on the

test stage.

The contents of the Figures are as follows:

Figure : Horizontal max/min position
Horizontal max/min position
Horizontal max/min position
Horizontal max/min position
Horizontal max/min position
Horizontal max/min position
Horizontal max/min position @ -50°
Horizontal max/min position @ +50°
Vertical max/min position @-10°

@ @& (D) 6D D D>
i
N
Q
o

Vertical max/min
Vertical max/min
Vertical max/min
Vertical max/min
Vertical max/min
Vertical max/min
Vertical max/min

position @ +10°
position @ -20°
position @ +20°
position @ -40°
position @ +40°
position @ ~50°
position @ +50°
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KINEHATICS OF THE THREE ACTUATOR SYSTEM BATE | 03-AUG-81
ACTUATOR: HOCG - ADEY ~ 6 IN STROKE

ACTUATOR PIVOT POSITION: TEST STAGE
ACTUATOR #1 ( 0,00, 0.00) LENGTH:  8.000
ACTUATOR 22 (12.00. 6.00) HEIT. 1.7%0
ACTUATOR #3 (18.00, 0.00) ACTUATOR EXTENSION:  3.000

I Mt Mz 1 M3t REF AT i THETA | S§T¢ FOS {
i l

CASE (1 1t aw X Yy 1t ox v
11 22635 1 592171 5.0 1 3.3%61 | 13.8768 | 0173 | 3.2000 | 17.6000 !
21 30121 22881 1.2295 1 14.4361 | 13,8788 | -0.1743 t 14.8000 | 17.8000 |

v ©® 9 o

v ©®© O O
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FORCES OM TEST STARE (LOCAL COORBINATES) BATE ¢ 0-AUs-81
SCTUATOR: MCO6 - AD3S - § IN STROKE

GCTUATOR PIVOT PSITION: TEST STAGE
ACTUATOR #£ { 0.00, 0.00) LDETH:  6.000
ACTUATOR 92 (12.00, 0.00) HETGHT: 1.750
ACTUATOR #3 (18.90. 0.00) ACTUATOR EXTEMSION: 5.000

iR 1 F 1 PR L FYZ 1 PRt RO ROMENT
CASE/DIR | (LBS) | (B3} I (LBS)  (LBSY 1 (LBS} 1| (LBS) | (IN-LBS) |

1V | -2026.11 T90.31-2420.7 | 2242.8 | 5246.8 | ~7833.0 | 18224.4 {
i 18041 $38.01 2420.7 1 -2242.6 1 42%.2 | 134,81 20389 {
Mol -286.1 0 TR0 20,71 -2242.8 | A0%.3 1 -IATS 1 4208.4 1
Vi 7841 200! 8851 N27.31 -5 !-847.31 915
g1 m.s f '2‘3‘2 | 8.5 1 'md t .m's { 3‘72.5 | ‘:Eoo {
t i 7841 622001 68281 -3227.3 1 -1420.2 | -2992,7 | 2981 1

z

» @2 € O © e e © o
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: FORCES OM TEST STAGE (GLOBAL CODRDINATES) MTE © 03-AUE-31 Y
€ ACTUATOR: HOOG - AOSS - 6 IN STROKE
- ACTIATOR PIVOT POSITION; TEST STAGE 9
R € ACTUATOR #1 { 0,00, 0.00) LENGTH: 8,000
ACTUATOR #2 (32,00, 0.00) HEIGHT: 1,730
3 ¢ ACTUATOR 2 (18,00, 0,00) ACTUATOR EXTENSION:  S.000 °
(ORE LR L PR L P2 L R R | NN °
g O CASE/DIR | (LBS) | (LDS) | (LDS) | (LS} | (LBS) | (LDG) I {IWLB3) |
b 1V [ -182.4 1 9983.1 1 -1984.5 | 2629.1 | 3006.8 | -9625.1 | 18224.4 |
E ® B o1 188001 @015 1 18845 | -2628.1 { -2904.6 | 22051 2058.9 | ®
N[ -1812.6 © 986.1 | {884.5 ( -2629.1 [ -182.1 { -3%67.0 | 24208.4 |
e 2V 1 10721 SOA0.3 1 -118.0 | 87,8 | -1688.2 | -3255.2 | gaALS |
3K J H o1 198161 -600.2 1 1180 | -3287.8 | -2108.6 | 2098,0 | 4128.0 | @
. Nl o1807.21 88731 118,01 -2287.8 { ~1825.2 | -2895.4 | 259M4.1 |
K ¢
¥ © ©
@ >
i o ®
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‘ ACTUATOR: MOGG - AOBS - § IN STROXE
ACTUATCR PLYOT POSITION: TEST STAGE 3
ACTURTIR #% ( 0,00, 0.00! : LENSTH 6,000
ACTURTER 2 (1200, 0,001 REIGET: 1,750
ALTCATOR #3 (18,00, 0.00) ACTUATOR EXTENSIOND  5.000 9
DRy 1o PZ 7 MS 1 REFONT ! TETA G SRR | 9
case § (IND @ {INY f O {ING X { Y ! O{RRDY X ! Y :
P S| 12298 S.O0M8 | S.9410 i 34535 | 15.8785 | O0.0745 i 3.150C © 17.8000
P20 24781 22223 1 3.2037 ! €.3038 § {S.6T65 ¢ .15 { 8.0000 76000 { ®
P30 S.OASS | 1.2450  2.2800 | 153035 | 15.8735 1 0.1745 | 15.5000 | 17.8000 !
)
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) ACTUATOR: MoDG - ADBS - 6 IN STROKE
ACTUATOR PIVCT POSITIONS TEST STAGE -
CTUATGR #1 ( 0,00 6.00) LENGTH:  6.000
ACTUATOR €2 (12.0¢: 0.90) ACIGHT 1,750
ACTURTGR #3 (18,00, 0.00) ACTLATOR EXTENSICN:  5.00C 3
PRS0 FYL f FMZ O F FY2 L FRYOb ORRY 1 MOMENTY @
CAsT/IR © . (LBS) © (LBS) I (LBSY i (igsr b (LBS) : (L25) © (IN-LESH
1V D -BiL,U D BITAZ ! -1408.1 0 2864.5 1 2219, f -Gi3B.8 1 {3452.7 ! :i:
No§ 217,80 284.8 ¢ 1408.1 | -2984.,3 | -3575.8 | 2688.7 ! 3550.L
K | -Bif.t 1 6174.2 1 140B.1 | -2883.5 | -558.8 | -3189.7 | 26431.7 |
2Vt ii8s.2f 6032.1 1 -533.21 32568 -B33.7 ! -5288.7 ! 182.4 :
4 | 2355.9 1 -483.9 % 933.2 i -3256.8 %t -2888.1 ¢ 372027 3334 }
o 18B.8 1 8032.% 0 53371 -3256.8 0 -1T20.0 1 27737 1 24856.2
3 U1 337 OS8323.3 0 TA2.1 0 3255 F -4047.8B 1 -BSAE.7 L -760.2 !
H ot 1730.7 | -1083.2 | -742,! | -32{5.5 ! -1018,5 : 4308.8 ! 45840 | 'E,
¥ o1 35,70 532330 -742.1 ) -3205.5 1 -Z5B3.5 ! -2:07.8 1 2U130.0 !
5
()
©
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e _ . PURLES UK DRS! SIAGE (GLUBAL CUURDINAILY) BTN FREN )
_ N ACTUATOR: MGOG - AOBS - 6 IN STROKE

3 ; . ACTUATOR PIVOT POSITION: TEST STAGE 3
¢ ACTUATOR #1 ( 0,00, 0.00) LENGTA! 8,000

¢ ACTUATOR #2 (12,60, 0,00} HEIGHT! 1,750
S . ACTUATOR #2 (18,00, 6,00} ACTUATOR EXTENSIOND 5,000

1; e IOFRL b FYS b FXZ D FYZO P FRK 1 FRY D MOMENT
3 ¢ <ASE/0IR D (LBS) ! (LBSY ©  (LBSI i (LBSY i (LBSI [ (L3S} § (IM-LBS) . 9

, 4 -18§70.8 ¢+ §930.6 i -1804.8 ! 2894,7 ! 2775.8 ! -BE3A.3 i 1343%.7 ¢
3 2085.5 t 8%6.8 [ !B04.5 | -2694.7 i -3830.4 | 2037.8 3550, o
4 1904.9 1 -2694.7 [ -34.0 | ~3244.8 | 2B43(.7 !

1204 1 Bl46.6 ! -1080.6 | 3if4.6 ! 985.2 ! -82B!.¢

!

|

i

! 7162.4 |
1080.6 | -3114,6 : -3451.2 | 3162.0

f

H

f

3323.4 |
-200.8 1 -3032.6 0 24856.2 |
-2503.5 ! -85 1 -780.2 |
-iTRL3 0 40B.3 | 45B4.T
=2i38.8 © =2320.8 1 2004 !

Y
L

x2

{
t -1870.8 | 5838.8
i
{

24058 ~47.4
2.4 Bl46.B

I
: ! 1080, 1 -3M4EB
P23t SBIBM
: !

t

1295.5
-32¢5.5

e te

.y

172,35
=723
SRG

1923.8 | -77L.¢
2301 SBiBA

X T < TR OX < OIET8

-3285.5
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KINEMATICS OF THE THREE ACTUATOR SYSTEM MIE ¢ 03-AlG-8t
ACTUATOR: MOOG ~ ADES - 6 IN STROKE
ACTUATOR PIVOT POSITION: TEST STME
ACTUATOR #2 (12,00, 0.00) HEIGNT. 1.7%0
t ACTURTOR #3 (i8.00, 0.09) ATATR DTS, 3.8
(R S B VI B & RF MY { THETA | 76 MOS |

CASE | (It (Mt X 1Y et ox 1Y |

P It 2 [ S.0408 | 44515 | 4.1013 | 15,9955 | -0.3451 | 4.2000 | 17,8000 |

P 21 5.8890 | 2.8007 | O.0851 | 13.401% ( 15,9553 | -0.3481 | 14.0000 | 17.8000 |
&
(
€
¢
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FORCES ON TEST STAGE (LOCAL COORDIMATES)
ACTUATOR: MOBE - AOSS - § IN STRORE

ACTUATOR FIVOT POSTTION:
ACTUATOR #1 ( 0.00, 0.00)
ACTUATOR 62 (12.00 0.00)
ACTURTOR #3 (18.00, 9.90i

I > (O I 2 O
CASE/BIR | (LBS) 1 (LDS) | (LDG) |

BATE © 03-AlG-81

TEST STAGE
LENBTH:  §6.000
HEIGNT.  1.7%0

WTURTUR EXTCHolom.  S.880

2 1 X 1 Y | M |
(L08) | (LBS) | (LBG) | (IN-LBS) |

1

mET XXX C

| <3015 1 9192 1 -2754.4 | 19178 1 €235.9 1 -M014.7 1 21088.3 |
I IN7681 157,21 27%4.4 | -1817.6 | ~4471.89 | @604 | 10883 |
[ -3501.31 9192.2 1 270544 | -1017.61 747.1 | -8 | 2351.6 |
I -200.6 1 G225.1 | -1482.7 | 28436 1 2108.3 ! -81%0.7 | 13867.9 |
| 206481 22,41 480,71 -2843.6 1 -33N.6 1 27221 316.8 |
{ -m.s { ol { 1‘7.7 { -wo. | -mnz | 'm.s { nﬂ‘.’ |
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FORCES OW TEST STAGE (BLOBAL COORSIMATES)
ACTUATOR: MDOG - AOBS - § IN STRORE

ACTUATGR P1VOT POSITION:
ACTUATOR £2 (12,00, 0,00)
ACTUATOR 3 (18,00, 0.00)

L 2 (S T 2§ U B 2 -
CASE/BIR | (LOS} 1 (LBSY 1 (LBS) !

BATE ¢ 03-MKE-81

TEST STAGE
LEMTH:  6.000
HEIGHT: 1.7%0
ACTUATOR EXTENSION. §.000

M 1 m 1 MY | e
(LeS) | (Lhe) | (LBG) | (IN-LBS) |

1 | -1512.8 | ©081.3 | -1966.6 |

~
EXTCEBEC

2%.0 1 MM.4 1 7313 | 210085 |
| 2003.81 900,01 1966.8 | -26850.0 | -30%.4 | 2150.0 | 1088.3 |
| -1312.0 | ©081.2 | 1%6.6 | -2650.0 | -433.8 | -M31.3 | 22381.6 |
t 14708 | 60893 | -390.6 | 3276.B | -1080.2 | -5366.1 | 13867.9 |
I 2019.8 ( -487.9 1 390.6 1 -3276.8 [ -2410.4 | 347 | I3UG.I |
{ “70.0 ! 6089.3 1 m.‘ { 'm.' | -1081.3 | ‘mzss { 313‘.5 t
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: KINEYATICE OF THE THREE ACTUATOR SYSTEX LATE § 30-ati-8i
ﬂf: ~ ACTURTERY MCIT - AQBY - 8 IN §TR0KE

E ACTUATER PIyDT POSITICN: TEST §TAGE

ACTUATOR 5 7 0,00 0,00 LENGTH:  6.009 3
g { ACTUATOR #2 (12,00, 0,00) HEISKTD 1750

g CTURTOR #5 (18.00: 0.0%) CTUATCR EXTENSION,  5.000

,,
&
g

Q% ! S S A S R ANT CoTHETR §7¢ 25 i
. S CASE ¢ (IN: P GNP AN 1 X vy (RAD} G X ¢+ Y

f0.8850 { 3.9528 | 5.6830 1 4.3863 f 15,8553 ! 0.34CL © 4.005C ¢ 17,5000 :
P2.2987 ¢ 1.575B 0 3.73%6 @ 9.5885 f I5.8§35 ! 0.3481 ! S.0000 ! 17.800C :
J.UET43 1 6.BB26 ! 2.3783 . [B.2SET i 15,8355 [ 0.348! i 15,7000 ! (7.5000

e " |
[ ¥% 20 o8 B B0
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FORCES ON TEST STAGE (LOCAL COORDINATES) DATE { 30~JUi-B1
ACTLATGR: MOCG - ADBS - 6 IN STRCKE

}
ACTUATOR PIVOT POSITION: TEST STAGE
ACTUATCR &1 ( 0,00, 0.00) LENGTHY  6.000 3
ACTUATOR #2 (12,60, 0.00) HEZGHT, 1,750 '
ACTUATCR #3 (18.00. 0.00) RCTUATOR EXTENSION.  5.00C
OFED T ORD DO R¥ZO! FYZ D PR D FRY D MoMENT

CASE/DIR © (LESY I (RS i (LBS) t (LBSP @ (LBS: i (LBS! : (IN-LBS) i

867.3 i B14Z.0

PV | -882,2 | 3228.7 ! 4.8 -M370.7 1 87858 !
H ot 2368.¢1 1 -230.8 ¢ 682,21 -3228.7 f -2800.3 1 4785 ! 3700.6 !
® 1 B87.3: B182.0 ¢ 682.2 . -3228.7 | -13AE.5 1 -268153.3 ¢ 25726 !

2V i 235570 965B.8 ! 103.8 1 3288.4 [ -Z455.5 t -6934.8 ¢ I77NE !
Mol 2286.0 i -B42,5 0 -102.8 1 -3238.4 | -2!64.2 ¢ 428130 3I7E!
¥ © 235%.7 ! 9B38.8 1 -103.B ! -3258.4 | -Z247.8 1 -2338.2 | 2283t

3OV 0 43448 7 45158 0 132081 3020.2 ! -SE74.7 . -7S40,0 ¢ -GA3LE
H o' 14B5.8 ! -i428.3 1 -1328.8 ! -3020.2 | -197.0 ¢ &ME. T 1 M487.8
¥ 43445 ¢ 4SIS.5 1 -I326.8 | -JC20.Z2 T -3014.5 1 -1488.7 ¢ 17344.0

> > @ 0 O 9 & v

¢ ©

® 0 O O

9

=78 )




T YT ?

ipsittem s

IR

SIS I N G

W

PN

ey e

FCRZES ON TEST STASE (OLUBAL COJRDINATES)

ACTHATOR: MOCG - ADBS - § IN STROKS

ACTOATDR PLUAT
ACTIATER £

ACTLRTCR #3 (IR0

N

CASE/DIR | {LBS!

POSITION:

{ 0.0%: 0.0C:
ACTUATCR #2 (12,00, 0.C0)

R
b .
33) :

A A AAN
Ve daVVs

244
{(E5) !

FYG

3

(L85}

DATE { 30-JL-8!

TEST STAST

Tppave o=
I 3¢
. -e T !
“E.:“ aal

ACTATIS €

=Y
(LBS} :

RO
IR AN

RV

g

{85!

3.0

FOATKT
Rtiel A

C{IN-LRG)

-—e

<

t -1473.8
I2254.7
D -1473.8

2713.2
i 2853.7
275,2

(2% ]
<3 ;X o

(%%
[ IR+ SEEE o dF S SN o

LT

2538, .
1685.0 .
2333.8 ¢

5338.8 i
953.8 !

5gec, € |

Wb

g1i8.5

-1

-~ .
Sew 4

Y
8.8
3733.3
-834.8 !
KRNI

t
P -1030.8 ¢
i
t

-1745.3 ¢
1745.3
15,3 ¢

1030.6 ¢
103C.5 !
8.7
~216.7 .
=2:6.7 !

2800.7

!

~2800.7

~280C.7
RBD

i

t

=350
~3135.6 ¢

32925 ¢
o -1BBE3 !
P23z

-3282.¢

=328,

3218.8 :
-4000.0 :
=217

755.4 !
3454.3 |
-1305.7 ¢
-2753.8 !

«80-

-880¢.5

2246.8 !

310 ¢

Mamutéd o

-8234.7 !

|
!
|
]

32453 ¢
-2084.3 :
-5p22.2 !

$:27.4 ¢
-2440.4 |

B785.6 §
306.2 !
25750.% -
7.c
KXY
2283000
~582L.8 |
4457.8 ¢
17388.0
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. KINENATICS OF THE THREE ACTUATOR SYSTEN SATE ¢ 03-AUG-8!
ACTUATOR: H0OG - ADES - 6 1N STROKE

“ACTUATOR PIVOT POSITION TEST STAGE
ACTUATOR #1 ( 0.00, 0,00 LEMGTH.  6.000
ACTUATOR #2 (12,00, 0.00) HEIHT: 1.7%0
ACTUATOR #3 (18.00, 0.00) ACTUATOR EXTENSION: 3.000

PRt 1Mzt M3 REF M7 | TEWA | §18 POS {
| l

CASE (| v X Y 1t X Y
LI I- 4.3%2 | 5.%035 1 3.2383 | 5.8731 f 16.2594 1 -0.6%81 | 7.0000 | 17,6000 |
? 21 S.9887 1! 4.3671 | 0.%821 ! 10.8751 | 18.2594 | -0.6981 | 12.0000 ! 17.8000 |

® » O O © 6 - 0 v O O O <o e @& v

|




A

FORCES ON TEST STAGE (LOCAL COORDINATES) DATE : 03-AUG-B1
ACTUATOR: NOOG - ADBS - & IN STROKE

ACTUATOR PIVOT POSITION: TEST STAGE

ACTUATOR #1 ( 0.00, 0.00) v - LENGTH.  B8.000
ACTUATOR #2 (12.00, 0.00}° HEIGHT: 1.730
ACTUATOR #3 {18.00, 0.00) ACTUATOR EXTENSION:  ¥.000

I OFXt 1 FYS 1 FX2 1 FYZ 1 FRK 1 FRY | MOMENT |
CASE/DIR | (LBS) | (LBS) I (LBS) | (LBS) | (LBS) I  (LBS} | (IN-LBS) !

1V 1 -4580.7 ) 429231 -3179.0 | 865.3 | 7759.7 | -§177.6 | 23800.3 |
H | 1393.6 1 1487.3 | 3179.0 | -863.3 | -4372.7 | -602.0 1 -BBA.4 |
M1 -4500.7 | 429231 3179.0 1 -B8%.3 1 1401.6 | -J406.9 | 179€3.5 |
2V 1-3392.5 1 $283.2 1 -2817.1 1 1718.7 ! 6209.6 | -7001.8 | 21360.3 |
H o1 171,81 1089.2 1 2817.1 1 -1718.7 1 -4529.0 | 619.4 1 327.9 |
N o) -3392.5 1 5283.2 1 2817.1 | -1718.7 | 973.4 | -3%64.6 | 22012.3 |



e et An A A

CCTaL i SR <Y I SR

ACTUATOR PIVOT POSITION: TEST STAGE
ACTUATOR #1 ( ©.00, 0.00) LENGTH.  6.000
ACTUATOR €2 (12.00: €.00} HEIGHT. 1.730
ACTUATOR #3 (18.00. 0.00! ACTUATOR EXTENSION.  5.000

PPt ot FYL o R 1 FYZ 1 PR FRY | MOMENT |
CASE/DIR | (LBS} | (LBS) t (LBS) § (LBS) | (LBS) © (LBG) 1 (IN-LES) |

{ I -750.01 6232.4 1 -1886.2 | 2721.6 | 2516.2 | -0AS4.1 | 23300.3 |
| 2023.61 243.51 1886.2 | -2721.6 1 -3069.8 | 2478.1 | -084.4 |
{ -759.0 | €232.4 1 1888.2 | -2721.6 | -1116.2 | -3910.8 | 17983.5 {
| 2012.81 -298.31 103,31 -3127.4 1 -2071.21 38571 3791
{

W20 €28l 108331 -3127.4 | -1690.53 | -3100.4 | 22012.5 |
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KINEXATICS OF THE THREE ACTULATOR SYSTEM DaTE | 30-sii-B!

ACTUATORS Y005 - ACES - 6 IN STROEE )
ACTUATCR PIVET POSITICH: TEST STAGE A
ACTUATIR £ ( 0.00: 0,00 LENGTS! 6.000 D
ACTATER #2 (12.00: 0.00] KETRHTS 750
ACTUATOR £5 148,00 0,00 ACTLATCR EXTENSION: 5,000
D
(B4 o oP2 1 P3 i REFONT ! THETA | g eNS !
GASE fOCIND f (M © (Nt Kt Y | A i X 'Y | ©
' LT O [ LESLT ST T 625§ 0.8 L B0NO 128000 \
P20 LEC G OTHED I AEEIE | A0.I249 © IB25SK 1 0.6 . 50000 1 17,500 :
P31 3.2200 ; 0.2990 | 4.275€ { 131248 © 6.2554 | 0.6381 . 12,0000 : 17.306¢ -
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® 6 © o0 o O
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FORCES ON TEST STAGE (LOCAL COORDINATES)
ACTUATORD NOOG - ADBS - 6 IN STRIXE

ACTUATCR PIVOT PCSITION. TEST STACE
ACTUATGR #¢ ( 0.0C: 0.00) LENGTH,  3.00
ACTUATOR #2 (12.00. 0.00; : HEIGHTD L3S
ATTUATOR #3 (18,00, 0.0 ACTLATCR ZXTINSIING

CoEyy o FYC D R FYD D ORRY T F
rGSZSTTT O {LBS) 0 (1BS) . (LBSE 0 (LB® 0 {LE . LEEI

pATE 1 30-..L-EC

3,362

¥EYENT

{iN-2380

M 582,5 ¢ 48287 ¢ B40,3 [ 3IGL.Z D -8421.2 C -BUIfE
¥ 295¢.8 | ~461.4 ¢ -BAC.3 P -3IEL2 L -IZILS 7 MBELE
v 7582,5 § 4828,7 0 -B40.3 . -R1ELD . -2742.2 0 -1730.3

2 43,7 ¢ 4222, 0 I8B.8 0 2367 [ -IEL.D -7280.
= 783,53 ¢ -1618.2 1 -1268.% © -3(327 0 4553 4ERLLY
voo4403,7 0 4222.0 0 -1268.5 1 -3023.7  -MED -UBL4

KA 528,20 343,00 1S 2BCE.T O -ESE.E -3EELT
B 3083 -1ERI D -ITA3E - -2500.3 37,0 . 4147
¥ooSI04.2 0 30 -ITAS.S D -RR0LT  SR3RIE 0 -BALEY

-2521.3

8.5
(8380,
-5&4{7.5 .

2832,

L5

PS> Do

empoy o
et

ISR
3363.2
(27800

B e . - =
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. FGRCES ON TEST STAGE (GLOBAL COURDINATES) DATE § 20-JUL-8!
¢ ACTCATOR: MOOG - AQBS - § IN STROAE
ACTUATER BIVCT POSITION: TEST STAGE
¢ ACTUATER 82 ( 0.0, 0.00) CENGTH 6,000
ACTUATOR #2 112,00, 0.00) HESGHT! 1,750
) ACTUATER 43 (28,00, 0.00) ACTSATOR EXTENSION!  5.000
COFE(C RNt 1 BK2 ' FYZ G R L RRY | wpexT
¢ CASS/DIR ¢ (LBS: ¢ (LBS) ¢ (L3S) ! (LBSI ! (L8S) i (BS) | {IN-L8%)
' LU ! -A23.8 1 BOT8.4 ) -1407.6 | 2884.5 | 18313 | -00B3.1 | -2527.5 |
® o 2590.4 | (76.4 | 1407.6 | -2984.8 | -3937.8 ¢ 2808.3 | 29795 °
M 0 42081 BOT6.0 i 1407.6 | -2984.8 | -983.8 | -3053.6 | 19580.%
20 ¢ BS.11 BOBAE ! -957.4 0 3135.0 0 308.3 ! -§218.5 ' ~§407.5 °
® KoL 25064 -22.2 0 SET.4 1 -3SS5.0 1 -ILB ! N2 28623
X 0 BSE. | GOBA.E | SET.4 ! -31SS.0 ' -§26.5 | -2908.5 ¢ 1B325.!
10U ! 1788 SIL 1 ~dBLG | 2267.8 § 12570 ¢ -S185.4 @ -10120.7 !
© § O 256.5 1 -B55.5 . A§2.8 0 -184 F 2720k 1 92531 33008
K0TS5 SS22.0 | AG2.8 ¢ -32GT.4 | -2082.5 26547 77820
©
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L )
_ KINEMATICS OF THE THREE ACTUATER SYSTEN DATE  03-ME-81
¢ ACTUATOR: 100G - AOSS - § 1N VT2OKE ,
ACTUATOR PLVOT POSITION: TEST STAGE
ACTUATOR #1 ( 0.00, 0.%0) LOBTH, 6,000
¢ ACTUATOR #2 (12,00, 0,00} I, 1.7 )
y ACTUATOR €3 (18,00, 0.00) ACTIATOR ETENSION;  S.000
¢ 9
f P RE O ORZ I OM3 Ol MFEMT (TR SRS
5 CAE L (DD L L ML X Y LMt X Y
10 )]
1 I P oLl S.Z01) 5.8200 1 2721 GOS8 | 16.4751 | 0.8727 1 8.2000 | 17.6000 |
1P P20 SATIT S.225( 1.6323 1 S.ASM | 16.4751 | 0.0727 ¢ 10.5000 | 17.8000 ( |
| O .
O R
- © 0O
- ( 4]
@ e
}
-] (2 ]
® )
@ 0
© D
) @
@ ®
( )
( )
( ,
_ .08 }




+ 03-AUG-81

MTE

., FORCES ON TEST STAGE (LOCAL COORDIMATES)
ACTUATOR. MOUE - ADBS - € IN STROKE

3.000

6.
{.

TEST STAGE
LENGTH:
HEIGHT:
ACTUATOR EXTENSION

200
g8
Ecca
Bicc
mwnm
3
@

Y
(LBS) |

FX1
(LBS) |

CASE/DIR |

—— o — — —

— ——— —— - —

O 9@ O O 9 &
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T G T

ey e v
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.. FORCES ON TEST STAGE (GLOBAL COORDINATES)
* ACTUATOR: MOOG - AGES - § IN STROKE

ACTUATOR FIVOT POSITION:
ACTUATOR #1 ( 0.00. 0.00)
ACTUATCR #2 (12,00, 0.00)
ACTUATOR €3 (£0.00, 0.00)

N 2 S S O 3 A A 2 v O A 1
CASE/BIR | (LBS) | (L8S) | (LBS) | (LBS) I

BATE © 03-AliG-81

TEST GTAGE
LENGTH. 6.000
HEIGHT. 1750
ACTUATOR EXTEMSION. 5.000

FRX | FRY | WOMENT |
(LBS) |  (LBS) | (IN-LBS) |

1V | -24.3 | 6280.1 1 -17%6.1 | 2767.1 | 21226 | -0047.2 | 2487%.7 |
H | 2001.21 103.41 1788.1 1 -2%67.1 | -3798.3 | 2683.7 | -1M42.4 |
N -24.31 6280.1 ! 1798.1 | -2767.1 | -1473.5 | -3912.8 | 13%619.9 |
2Vt NI 67! -146.2 | 2266.2 | 1072.6 | -8244.1 | 28167.3 |
Ho! 183861 -118.0 | 1446.2 | -29668.2 | -}444.9 | X832 | -1230.9 |
# 1 NI @S 1462 | -2866.2 | -1819.9 | -B1L.T | ITIN34
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. )
{INIVATITS O THE THRIT ACTUATCR SYSTEY J4TE 1 A-LL-ED

ATTLATCRL MIEO - AGES - B IN STRIE -

ACTUATTR BILTT POSITIOND TEST STAGE
ACT;.;uR #00 6.00: 0.0 ENSTHD S,

<

ATTUATCY #2 (IL.CG: 0. 00) HEIGNTS
ACTEATIR #3 (18.G0r 0.0 ACTUATIY ENTINGIE

SN e REF 3v7 §7C 73S !
R 6. T 4 VT £ N M X Yo

1,3323 ¢ 0.8223 ¢ 5.9777 1 B.8803 : 15,4730 0 0.8727 ¢ 7.3000 | 17.5000 :
2.3485 10,4838 ¢ D.4BBE | 10.3405 ! 15,475t § 0.6727 | 9.500C . (7.504C
S TR03 1 CL07E7 T 4.8083 ¢ 2,840 IBATSL Y L.E7IT O OLLAGRT TN

e €& &

O

o 0O

O

L
[ MR e s o ¢ ¢
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TIRTT3 Iv TEST STAGE (LOCA_ COORDIMATES
AZTLATCE. ¥GCG - ACBI - 6 IN STRIE
ASTLETIR PILTT POSITIGN!
AZTLATIT B (0,00, 0.0CH
ACTUATIY #o (12,00, 0.0C:
AITUETIR BD LIE.00. 0.00)

YL X2

5t (_38: 1.28]

mpAm-rmen '
[ il A v

[l
!

TEST 8TRZZ
LENGTHL

-

.

ATTLATRR

[e1S el
e

MK IR

8.00%
275
INTENSIONS

U ! 4864,7 0 3848.7 ¢ 1385.%
: 0 -203..8 ! -{58E.5
3B4c.? | -1556.5

nNen
RL.E

x
o~
(L]
(=]
-
.
~4

D oe2042.% 0 -1788.3
POJLE L -iT88

T
-
(%]
Y o2
[52]
n ry

v BEER: 8,2
3oV SEIS.Z 28874 0 2135

s 8RR D -2is5 D -2GLE

v SB35, 2447.4 ¢ -2U3LF

1798.5 !

12888,

-28%5.0

£ -2735.8 !

-2785.¢

73¢c 2

toanjee 2

AR Y

e~

"
e

| -2398.0 !
!

2958 €
AT
“/A3ea .

Ldemen .

st .

cow s

1
» o~
<>
A
-2
£ o NP2 IR RT3V LI IR A ¥ 4 |

3328
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. ACTLATCR PIUCT PSITION:
N ACTIATIR £ (0,60,
T * ( ATTATER 82 (12,58,

ATTATER #Z (IR0,

tARTalls 3

n FIR3TS ON TEST STAGE (3LOBAL COORDINATES)
Bt ACTUATLR. MOCS - ADBS - 6 IN STROXZ

¢.05)
5.00!

AAY
Wl

el !

Fva
2

(188}

ATT D 30-aul-Bl

TEST 574l

A
5,002
vousy"

{IN-CBS)

a4
x

~J4

M~ L
.

=~ 122
o

a3

[ >

~d

.

AR - S - S 0

3075.3

P -3078.5
R

-sw

mizp oA

eveord

-1158.2

<awlded

S ameeg 9

12527

TN

HEKYEY R
3T

-1725872 2

mbvied .

!oB34.5 !
)Y R
F-1512.7

¢ o ¢
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KINEMATICS OF THE THREE ACTUATOR SYSTEM
ACTUATOR: MOOG - ADES - € IN STROKE

ACTUATOR PIVOT POSITION:
ACTUATGR #1 ( 0,00, 0.00)
ACTUATOR #2 (12,00, 0.00)
ACTUATOR #3 (18.00. 0.00)

CASE (et (e 0 X

I AL | M2 t R3 | MEFAT
!

MTE . 03-AUG-81

TEST STAGE
LENGTH., 8.000
HEIGHT: 1.7%0
ACTUATOR EXTEMSION.  5.000

v

|
|

THETA | S8 POS
(W) 1 X !

i
Yy |1

P 11 5.2 5.5%8 | 483951 0.6%! !
P 21 07231 051951 0.0151 | B.636¢ |

18,5768 1 -0.1743 1 3.0000 | 20,
13.1766 | -0.1743 | 8.0000 | 14,

3000 |
3000 1

6 O O e & O o
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© O @ ¢©
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JJ »"Jﬁt‘dnmm-«mw . es




FORCES ON TEST STAGE (LOCAL COORDIMATEE)
ACTUATOR: MOCS - AORS - 6 IN STROKE

ACTUATOR PIVOT POSITION:
ACTUATOR 85 ( 0.00, 0.00)
ACTUATOR 2 (12.00. 0.00)
mm “ (l.o“’ O.W’

I 2 ¢ S T 2 (S I 2
CASE/MIR | (LBS) | L85V 1 (LBS) i

e | AL Y
(LBS) | (LBS) | (LBS)

1V 1 -1188,7 1 6167.1 1 -1G16.7 | 2875.7 1 2ZTHO.4 | -%062.8 1 14612.7 |
Bl oI3S 1 3.4 16107 1 -2A75.7 | 33822 1 TSR 1 MBS |
N OI-188.7 1 @137.0 1 1618.7 | -278.7 | 4.1 1 -2011,3 | 15402.% |
2V 1-1143,3 | 3%5.5 ) -1563.5 | 26478 1 JM13.4 | 85I 1 1538.7 ¢
N Z59.E ) 500.9 | 1989.5 | -2847.8 | ~4589.2 | 2i%.% 1 1630.1 |
N1 -1143.9 1 338.3 1 1%9.5 | -2847.8 | -#25.7 | -2290.7 | 24%06.1 |
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FORCES ON TESY STAGE /GLOBAL COORDINATES)
ACTUATGR. M00C - ARKS - 6 IM STROKE

ACTUATOR PIVOT POSITION:
ACTUATOR @2 ( 0.00. 0.00)
ACTUATOR 02 (12.00. 0.08)
ACTUATOR £3 (10.00. 0.00)

U 2 VU N 2 ) S B 2 v

MIE © (G-AK-8)

TEST TAEE
LEMOTH:  8.000
HEIGT. .TX
ACTUATOR EXTONSION:  9.000

R RX 1 RY | KON |

CASE/DIR | (L8S) | (LBS) i (LBS) [ (L3S} 1 (LBS) | (LES) | (IM-LBS) |
1V 1 -TMS | G296.Z 1 -1684.8 1 U101 11723 1 -5M08.3 1 14§13.7
Wl 1881 20,31 1084.8 1 -3113.1 1 -2072.3 | 08.8 1 WM8.39

Bl -3 G2.21 16840 1 -MI121 1 -1010.2 | <2163.1 | 28402.9 |

2V 1 8561 G085.0 ( -1479.8 1 2MI.E | 1M f 8946 134T
Ho| 284701 41,81 478,07 -2H8.6 | -4127.0 | 2%07.7 | 1480.1 |

NI 35,61 0045.01 1479.8 1 -249.6 | 13842 | -3033.4 1 24X8.1 |
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P-JA R

{ 0.0,

i

[
X
H

2,00,
£.00

b7

Ve .

(M)

¢.00}
.00
6.00!

AC'JA’"Q SVS'"'
B 1% STRCS

TIST 5TAIZ

AZTAATIS

RIT ONT

WTE L 0-l-El

[a N raettd AAA
--\C.:. S.v:v
-;vnva ¢ T2
b LIDEY DN
[ Al Sl 4 = A
IXTINZION PP
L m—a va nmn
H A SRt

'R2) . XtV

1
1

5.90%
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18,778
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FORTZS ON TEST STASE (LOTAL COCRIINATES) BATE 1 30- -8
. ACTUATER ¥003 - ADSS - 6 IN STRGKE )

ACTUATCR 2LVCT BCSITIONG

pITuATeS

€ ATTLATOS 8
ATTURTER €2

0,08 0.3
112,96 0,00
11839 G.O0;

5,599
LI

(TINSIINS

=008

7

¢ ©

LR ey > v 4 X R Mowsy
[ o4 JAST/2TR . (138! (LBS) :  (LBS) i (L85 (i53; (L35 © {I\-135)
£y 3510 BiS5.2 0 -377.8 1 3278.3 ¢ -Bi0.9 0 -S43 MEST
@ § ' 202230 3927 % TS -3278.3 1 -2RCILE Y O3ETLY L 44SNL0 [ 4
¢ 1088, 555.2 ¢ 377,30 -3276.2 1 -1372.8 0 -2878.8 1 25NED .
o I p ¢ 475 SEeT.T -B79.3 0 32267 . -484.2  -2127.0 . D
N W 2B8S.0 ¢ -530.8 ¢ 67E.3 ¢ -3226.7 7 -37,1 . INS0.D . 225T.S O
: ¥ 0715 SBE7.7 ! B7S.1 ¢ -3226,3  -iB52. [ -2855.4 1 244383
(] C
] O
© D
e a
)
© %)
€ &
© o
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FIRIZZ TN TEST §TAGE (GLI3AL COORDINATES) DATD ) 30-0L-8
ACTUATIRD 123 - ACBS - B IN STROAS

ACTUATIR FIVCT BLSITION: TEST 8TA3E
ACTLPTIY #1 ( 6.0%y 0.00) SENGTED O Z00C
AITLOTIT #2 (12,000 6,00 HZIIETD
ATT.ATIR BC (1E.0%, CL0CH ATTLATOR ZYTINSIDND 3.000

Ndale Ve

N e A ) S A T
COSE/IIR G (LB U (LBS) 0 (BS) P (L3S) ¢ (LBS) ¢ (4BSY . (IN-L3S)
Vo b 0BG BZSS,20 -GAL! G 3183001 B32.5 ¢ -9472.3 7:86.7 ¢
00 20858 0 3050 I D O-3IBG.0Y -30R0.T 0 3IR8.E ! asT0
oI oOLRT T SZRE.G L G&LLD G -3IE3,0 1 -1M4E.4 . -3105.F 23Ne5,2
2007 3E D B0:LE 0 -1228.8 ¢ 3062.3 C f0SE.2 . -5074.2 ¢ Tidp.t
OO AMSE T RS OII290E L -Q080.7 0 -IMELL G LS 127t
v (303 BULLS L LZEELE D -3022.3 0 -IEILUE O -204E.T  2403E.3
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KINEMATICE OF THE THREE ACTUATOR SYSTEN
ACTUATCR: #00G - AQBS - 6 IN STROKE

ACTUATOR PIVOT POSITION:
ACTUATOR #1 ( 0.00. 0.00)
ACTUATOR #2 (12.00: 0.00)
ACTUATOR #3 (18.00, 0.00)

I R M2t M3
LI ¢ | ) I ¢ () I ¢ 1) I

J N P e L

ymanorere o - e - PO

« & S e v e er e e

MTE | 630501

TEST STAGE
LENGTH: 8,000
HEIGT: 1,790

ACTUATOR EXTENSION: 5,000

REF MV | THETA | 816 PGS |

CASE X t Yy @& x Y 1
P11 374041 388181 41853 1 8.4015 | 10.050F | -0.3481 | 9.0000 | 18,7000 |
P 21 128031 1.6983 1 0.0161 | 8.4013 1 13,4395 [ -0.3491 | 9.0000 ! 13.1000 i

-108-

cC e © & U

~’

<)

e e ¢ O O O

s’

P



g T TG

st dae il At R LT T T S

* FORCES ON TEST STABE (LOCAL COORDIMATES)
ACTUATOR: NOOG - ADS - § IN STROKE

ACTUATIR PIVOT POSITION:
UCTUATOR #1 ( 0.00. 0.00)
ACTUATOR #2 {12.00. 0.00)
ACTUATOR &3 (18.00. 0.00)

[ 2 SO T 2 0 U A 2 v
CASE/DIR | (LBS) 1 (LBS) { (LBS) |

TEST STAGE
LENGTH: 8,000
1T LTS
ACTUATOR EXTENSION:  5.000

2 r
(Les) + {

f ¢ 1-2200.831 372.61 -2195.6 | 2063.6 | 4486.5 | -8335.2 | 10043.1 |
ot 185,81 73.71 2189.6 | -2463.6 | ~4041.3 | {M8.81 24%8.7 !
N (-22%0.91 W61 2159.61-2483.6 1 5.3 -3408.8 | 2403 1
2V 1 -228.0 1 S77.2 1 -2475.7 1 2161.9 1 420171 -78M.1 | 18M3.9 |
H{ 233051 %21.61 2473.7 1 -2181.9 | -4B26.2 | 1260.3 1 &84.7 |
NI -2226.01 W72.21 47371 -2181.83 | -248.7 | -2493.3 | 23140.4 |
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" FORCES OW TEST STAGE (GLOBAL CODRDIMATES)

ACTUATOR: MOOG - ADBS - 6 IN STROKE

ACTUATOR PIVOT POSITION:
ACTUATOR #1 ( 0.00, 0,00}
ACTUATOR #2 (12.00, 0.90)
ACTUATOR #3 (18.00, 0.00)

(N 2 ¢ N TN ) N Y 2 v S B 4 1
CRSE/DIR |  (LBS) I (LBS) | (LES) | (LBS)

BATE  03-AUG-B!

TEST STAGE
LENGTH.  6.0060
HEIGHT. 1,730
ACTUATOR EXTENSION:  3.000

R 1 FRY | WOMENT |
(LBS) | (LBS) | (INALES) |

!

xR Xx QR
o e e eme -

-125.4 | §28%.1 | -1220.6 | 2066.0 ! 1M3.3 | -8361.1 |
1978.8 ¢  38.4 1 1220.8 | -3066.0 | -3199.! | 3026.6 1
-125.4 | 6293.1 | 1220.6 | -3088.0 | -1089.2 | -3228.1 |
-150.1 | 6086.2 | -1380.2 | 2897.1 | 1730.2 | -8993.2 | 18713,
X400 82,11 1580.2 | -2897.1 | -4104.1 | Z035.0 |
-130.1 | 6088.2 | 1380.2 | -2897.1 | -1420.1 | -3199.1 |

10043,
4%,
2140,

1
l
}
{
t
23140.4 |
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ACTURTER: 40I3 - AGES - B IM STROKE

LINE¥ATIZS CF TuI TLREE ACTUATCR GYSTEM

ACTLATER PINIT PLEITIING

AT 0 30-0.-B

TEST 8TH3E

ATTUATCR ¢ { 4,00, 0.0 LENGTHD B3OS
ACTATCR #2 (12,00, £.0G: SoIGETD LR
ATTUATOR #2 (18,00 0,008 ACTUATIX IXTINZIOND 5O
ol ol LIRC RIT PAT POTHETA 8T8 pIS
L EA A ¢ SHEE S 04 VI SR 64 (I S LR 0:1:1) B S

0 43753 3.BBIT Y 5,333 1 5.588% !
I 20 QMY GIRIY 2,2IE 0 9.5885

. e

=

593 £ 03680 1 C.¢
S oC.348 0 8%

.

1.3 N
o
]

Gt i E.3507
c 1 qa Rean

. aVe o0
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'

-
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FGRTIT O\ TEST STASZ (LOCAL COCITINATESS DRTE L X-.-8
STLATIRY MCCC - AUBS - 6 IN STRNE
ATTLATIR PIYCT 8GSITIING TEST §Tet
ACTUATIY @ ! 2.0¢, 0,00 SENCTHD B0
ATTLATIY B2 :...\Oy 020! dEITATD LW
ATTOATIY #2800, (L3 ATTURTIR DYTENEILND R
R S ¢ LA ) SN A 4 A
CABZ/IIR L (LBSY ! (LER D (LBE) [ (LBS) . (L3S} . (L3¢} i (IN-LES"

V7238870 57740 22080 3262.5 ¢ -25BA.4 ! -8058.0
ot 20045 0 -522,7 ! -220.% 7 -3262.5 ! -1753,0 © 4445.2 1
¥ 2086.7  3MT.4 P -20I.E 7 -3282.5 0 20403 0 -2474.8
A KOO 2 300 3300 -2534.8 0 -BESL 4
Ho0O288LE . -85 0 S50 7 -330C,0 L -2488.7 ¢ L2457
] 233,80 TERLE 0 SAC D SS0CL -232EL8 0 -2I3L G
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FOATZZ T TEST §TAZS (GLG3A. COGRDINATES)

negroRt wems
SN

-

cwed T

ATTURTIY LT B

ATT.ATIR

P
Aot

D
CASE/23 1 (LBS)

A5 - B N

Fc'T'GN:

{ €.3C, 0.CC
112,00: G.CU)

00 080

€ ':y""
.88

TRIE

{138} !

DATE © 30-

TEET §TASE

ceml

~ ~ AAA
ENITRED O RNST
Lenimr 4 qme
MEISETL L5

4CT.ATTR ZXTINZIDN

[ P

FRY D RRY
{.Bs! (_ES)

3,060

G

o {21830

U st
o0 28R2
v o232

(o8]
-l
-

1

'

'

< L
»

B e TSI RSV

5z28.0 : ~817
-87.4 7

g278,2 €17 -
L3 DRI
aAg L] _timm
BCif.2 1 -lLl25.E
N T L Lo

ematm

g
T

X TN

87142 0 l125.%

]
» )
n

(3 )
-~
(2]
(42]
-

-
a2
-

k)

> U7 AT oan

I

N 0 Ln

L
B
<

.

b
»
]

< A
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-3102.9

665.4 : -9228.¢
-83.6 . 3272
IEEE 1]

P

L LN J R TN

151 P
L2 REIG
Y- Apen

ssSm===

£33

428¢.2
73¢23.2

- Ted fa
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2404,
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KINEMATICS OF THE THREE ACTUATOR SYSTEM DATE © (3-AE-81
ACTUATOR: 1008 - AOBS - @ IN STROAE
ACTUATOR PIVOT POSETEON: TEST STAZE
ACTUATOR 61 ( 0.00, 0.00) LENGTH:  6.000
ACTUATIR #2 (12.00: 0.00) HEIGHT, 1,750
ACTUATOR €3 (16.80, 0.00) ACTUATOR EXTENSION:  3.000

I R A2 A3 ¥F AT | THETA | s s [

CASE (e 1 1 oaer X Y Lt X oY |
ol OSR Loml L.0mal 7,873 ) 11984 | 0.9 | 8.0000 U 16,5000 |
P 21 LGOI A8 0 1237 1 7.6731 | 19,1904 | -0.8981 | 9.0000 | 18,3000 |
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FORCES (N TEST STAGE (LOCAL COORBINATES)
ACTUATOR: MOOS - ADZS - 6 IN STROKE

ACTUATOR PIVOT POSITION:
ACTUATOR #1 ( 0.00: 0.00)
ACTUATOR #2 (12.00, 0.%0)
ACTUATOR &5 (18,000 £.00)

i Moo mlm
CAZE/BIR | (LBS) | (LB 1 (LBS) 1 (LB3) | (LBS)

DATE ¢ O3-AE-81

TEST STASE
LEMITH.  6.000
HEIGNT 1.7TH0
ACTUATOR EXTEMSION:  3.000

oA | Y 1 NOENT |
i

1

1842.8 | 14414 1 112.8 | -1093.8
-4107.2 | &8L.3 1 3182.8 | -108%.8

V143,81 4780.8 | -2042.1 | 12M.0 | 7185.0 | €018,
H 1 14895 1 1302.0 | 3042.1 | -1278.0 | -4%31.
M| -4143.8 | 4740.8 1 3042.1 | -1ZM.0 | 1101,
2 0 1 -407.21 481,31 -3112.8 | 108%.8
H
. I

(LBS) § (IM-LBS) §

[ B 22360.8 1

61 -23.01 -19761

71 -461.9 1 18987, |

| 720,01 -3IM.1 1 23391.4 |
P -4TN.6 1 U861 -T10.8 1
| 8841 -388.3 | 10151

<Al

2 0 o

o/

)
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FORCES OM TEST STAGE (GLOSBA! CODRDINATES) MTE | 03-R%-61
ACTUATOR: MOOB - ADBT - & IN STROEE
ACTURTCR PIVOT POSITION: TEST STAGE
ACTUATOR #1 { 0.60: §..2) LEMBTH,  6.000
ACTURTOR 52 (12,69, 6.89) : ~EEIGm  LTR
ACTUATOR #3 (18.00, 0.20: ' ACTUATCR EXTENSION: §.000

PR L FYE f P i FYZ L FRXOL FRY | NOMENT |
CASE/PIR | (LBS) | (LBS) | (LBS) { (LAS) { (LBS) { (LBS) | {In-1BS) |

'mco l .2 ' -gmaz l m.i l IW.Z § -Wo

1t v §1 29%0.8!
118l 881 15831 28351 | -MW.2 1 290,31 -187.6 ¢
B -127.9 1 6295.21 1508.3 1 -2938.i i -1381.3 1 -3380.1 1 19887.3 ¢
2V | 137,21 6Z26.1 1 -1680.1 1 2B40.3 1 1817.4 | -3066.4 | 23391.4 |
B I 285,61 4821 1680.1 | -2040.3 1 -2GB3.1 | 2M2.11 -710.8 1
41 -1%.21 6z26.1 | 1880.1 ) -2840.3 | -1342.8 | -3385.8 1 190715 |
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KINEMATICS OF THE THREE ACTUATOR SVSTEM
ACTUATOR; NOOG - 4085 - 6 IN STROKE

ACTUATOR PIVOT POSITION:
ACTUATOR #1 { 0.00, €.00)
ACTUATOR #2 (12.00, 0.09)
ACTUATOR #3 (18.00. 6.00)

!
CASE | () 1+ (M 1 (1 X |

BATE | 03-AUG-81

TEST STAGE
LEMGTH:  6.000
HEIGHT: 1.7%
ACTUATOR EXTEMSION. 5.000

L SURN I ¥ 2 I 5 REF AT | THETA | TG POS !

Yot X toY

S
P 21

S.AG25 1 10454 1 5.937 | 10.1248 1 17.39%¢ | O0.63%{ | 9.0000 | 18.7000 |
1.4816 | 0.0200 | 4&.1203 ( 10.1248 ! 13.4394 § 0.6981 | 9.000¢ | $5.8000 !

b
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{ .
FORCES ON TEST STAGE (LOCAL COORDINATES) WTE | 03-AUG-81
¢ ACTUATOR: MODG - ADHS - 8 IN STROKE
ACTUATOR PIVOT POSITION: TEST STAGE
| ACTUATOR #1 ( 0.00: 0.00) LEMGTH  §.000
¢ ACTUATOR 3 (18.00, 0.00) ACTUATOR EXTENSION:  9.000
PORL L FYL L OFRXZ L FY2Z § O FX i FRY | NOMENT |
@ CASE/DIR | (LES) | (iBS) | (LBS) | (LBS) | {LA3) | (LBS) | (IN-LBS) |
' 1V | W23.01 4209.11 133551 20177 | -5759.5 | -7%6.7 | -6283.2 |
) H [ 1B47.6 | -1699.0 | ~1335.5 | -017.7 | =28 | 471671 3408.8 |
M| 8230 | 42891 1 -1335.5 | -3017.7 | -2087.4 | 12714 | 16517.2 |
. 2V | 43351 &167.0 | 1247.8 ¢ 30350 | -S331.6 | -7222.0 | —6519.4 |
® H o1 1820.0 | -1918.7 § ~1247.6 [ -3035.0 | -572.2 | 4388.7 1 2818.7 |
N1 4330.8 1 4167.0 | -1247.8 | -3053.0 | -MB.1 | ~1112.0 | 161779 §
©
e
€
@
®
-~
6
©
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FORCES ON TEST STAGE (GLOBAL COORDINATES)
ACTUATOR: NOOS - ADSS - & Ii STROKE

ACTUATOR PIVOT POSITION:
ACTUATOR #1 ( 0.00, 0.00)
ACTUATOR #2 (12,00, 0.00)
ACTUATOR #3 (18.00. €.00)

[N 2 ¢ S A 2 S A 24

DATE © 03-AUE-81
JEST STAGE
(EMETH:  6.000
HEIGHT. 1.730

ACTUATOR EXTENSION: 5.000

bOFZ | R 1 FRY 1 MOWENT |

CASE/DIR | (LBS) | (LBSI 1 (LBS) | (LBS) { (LBS) 1 (LBS) | (IN-LBS) |

{
N3

o

[ @121 6120.6 | -816.6 | 3IM.f { 205.4 | -5298.5 | -6263.2 |
{ | -242.3 1 6.8 | -3170.1 | -3270.9 | 12,6 | 34098 |
| €1.21 6128.8 1 916.8 | -3170.1 | -1347.9 | -28%8.5 | 1B%17.2 |
| 67871 6010.0 1 -1007.9 i 3142.3 ! 328,11 -B132,3 1 -B6Y19.4 |
[ %2491 -296.3 1! 1007.9 [ -3142.3 | -.8 | 9.2 | 2418.7 §
| 678,71 6010.0 [ 1007.8 | -3142.3 | -1687.8 { -2687.7 | 1B{72.9 |
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CINEMATICS OF THE THREE ACTUATOR SYSTEM DATE © 03-AUG-31
ACTUATOR: ¥30G - ACSS - 6 IN STROKE
ACTUATCR PIVOT POSITION: TEBT STAGE
ACTUATOR #¢ ( 0.00. 0.00) LEAGTH:  6.000
ACTUATOR #2 (12.00, 0,00} HEIBNT. 1.7%0
ACTUATOR €3 (18.00. 0.00) ACTUATOR EXTEMSION: 5.000

I M 1 M2 1 K3 REF PAT ( THETR ST #0S {
CASE | (I 1t (1 (M ¢ X © Y ¢ (a1 X t v |

f1 36718 | 6.0321 i 2.8902 | 7.8394 | {6.8751 | -0.6727 | 8.0000 | 18.0000 |
21 S.10831 3.27133 1 2.0022( 7.8554 | 16.0751 | ~0.8727 ( 9.0000 1 17.2000 1
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~z|333353
CHZEE
S HEL HLE

03-AG-81
6.000
1.730
{
)it
i
2
3
0

’
.
L ]
L]

DATE

RETGHT
2
1828.8
8122.1
~125~

-435%.8
1386.2

ACTUATOR EXTENSION
2 ¢ FRY
LBS {L5§
8126.3 | -4360.6
=313
-4481
-1083.5
-7

TEST STAGE
LENGTH

o7
0

FY2

(LBS

m.7
'm:7
-§83,0
-483.0
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FORCES ON TEST STAGE (GLOBAL COORDINATES) MITE © 03-AUC-81 )
ACTUATOR 006 - AOGS - 6 IN STROKE
ACTUATOR PIVOT POSITION: TEST STAGE )
ACTUATOR 21 { 0,00, 0.00) LENGTH:  8.000
ACTIRTOR #2 (12,00, 0.00) 1T, 1.7%0 - -
ACTUATER #3 (18,00, 0.00) RCTUATOR EXTENSION: 5,000 :
LR L P PR I P2 1 FX | FRY | NN | D
CASE/DIR | (L8S) | (LBS) | (LBS) | CLBS) | (LBS) | (LBS) I (IN-LBS) | :
LU 1 -B0.5 | E290.4 | -1BAD.4 | Z830.2 | 1728.3 | -B1%6.6 | 24480.5 | .
ol ISR 1  25.01 18494 1 -2050.2 | -X20.1 | 283.0 | -1570.7 |
N 1 -80.5 | G296.8 | 1649.4 | -2688.2 | ~1565.0 | -440.2 | 1BSZ8.5 |
200 1 8301 BZILS [ -1719.7 1 281.5 1 1027 | -8080.0 | 246416 | @
Hot 204831 2001 (719.7 1 -2816.5 | ~2%8.0 | Z760.4 | ~1738.5 |
N1 -83.00 BZ7.8 | 1718.7 | 28165 | -1636.8 | ~M$7.0 | 1E179.0 I o
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. KIEMATICS OF THE THREE ACTUATOR SYSTEM MTE © 0-NK-81 )
ACTUATOR: 1008 - AOBS - 6 IN STROKE
ACTUATOR PIVOT POSITION: TEST STHGE )
ACTLATOR 2 (12,00, 0,00} EIGT: 1,730 -

ACTBATOR 3 (18,00, 0,00) ACTUATOR EXTENSION:  S.009 )

I ML 1 M2 ! M3 L NEMT { TEA L SOMS D
CASE | (DO | (NI (M 1 X &Y L X 1 v

P11 27781 0.5631 1 5.8673 1 10.3408 | 16.8758 | 0.8727 | 9.0000 | 18.1000 | @
P21 2.00221 0.0958 | S.1063 | 10308 | 16,0751 | 0.8727 1 9.0000 | 17,2000 |
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. FORCES, ON TEST STAGE (LOCAL COGRBINATES) WTE © 0-NE-I!
ACTURTOR; WODG - AGRS - § DN STROKE
ACTUATOR PIVOT POSITION: TEST STAGE
ACTUATOR #1 ( 0,00, 0,00} LENGTH: 6,000
ACTUATOR #2 (12,00, 0.00) HEIGAT: .70
o ACTUATIR £3 (18.00, 0.00) ACTUATOR EXTENSION: 3,000
R ¢ R S I BRX | ORRY | NN |
L CASE/MR | (L8S) | (LBS) | (LAS) | (L85) | (LBS) | (IN-LBS) |
1V 1 520001 2401 1818.5 1 2753.7 | -J018.S | -5987.8 | ~10811.3 |
R . Moo 1286, 1 -2070.3 ( -1818,5 | -ZI0.7 | S22.4 | WAL3 | 23428 |
N1 S200.0 1 2041 1 -1810.S | -2753.7 | -XALS | ~480.3 | 12078.8 |
2V | S8 | MEZE I LG | 2777 | 3.4 | 5960, | -500%9.4 |
A ML 13512 | -298.8 | -I78L6 | <2707 1 430.4 | ASM.5 1 24980 |
.. A1 SITHE | 2.8 | -1 | T | -NSAL | 4050 1 118437 |
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« FURCE ON TEST STAGE (GLOBAL COURSIMATES) BATE © 03-AUG-B1
ACTUATOR. 1305 - 4008 - § IN STRORE
ACTURTOR PIVOT POSITION: TEST STAGE
ACTUATOR #1 ( 0.00, 0,00) LENGTH:  6.000
ACTUATOR #2 (12,00. 0.00) REIGHT. 1.7%0
ACTUATOR £3 (18.00, 0.00) ACTUATGR EXTEMSION:  3.000
FoRE 1 P L P2 L Y2 L RX L FRY | NOMENT
CASE/DIR | (LBS) | (LBS) i (LBS} | (LBS) 1 (LBS) | (LBS) I (IN-LES) |
f V1 892.41 808,71 -540.6 1 3163.:1 63.2 1 -8231.8 | -10611.3 |
Hot 202,61 -M2.51 0.0 -283.1 | -3069.2 | 30871 2820 i
Nl B4 6088.71 4.8 -3163.1 1 -1798.0 | -2905.8 | 12073.8 |
2V | M85 ! §010.01 -DE2.7 1 310,31 S4B | -8160.] | -108%0.4 |
| 255141 -3M.01 382,71 AN | -30U0 1 B3| 214%6.0 |
H | 883.1 ! G010.0 | '2e2.7 1 -3150.3 ! -1670.7 | -2838.7 | 11843.7 !
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